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. o . Foreword '
i Hawuff’ié'a small state, limited in both land area and natural Fesources.

- It is therefore vitally important that our citizens understand and appreciate
the nature and limitations of the resources to insure that those resources are
managed in the most effective manner to provide’ enJoyment, comfort, happiness,

- and opportunities for self-realization. for all Hawaii's people now and in the

. future.

i -

- This guidebook has been designed to helﬁ‘teachers develop students'
awateness and understanding of one of Hawaii's valuable resources*--coral.
Coral constitutes an important part of both Hawaii's land and sea environments
and is importapt aesthetically, ecologically, poiitically, vocationally,

- economically, and geologically. While coral is a renewable resource, thére . -
are definite constraints on the degree of this renewability in terms of sheer [
growth rate and ability to survive adverse physigal and biological ‘conditions. ..~
Human beings have a definite impact on existing coral stocks and affect tﬂs*“
‘env1r0nmenta1 conditions which allow coral to grow. e

\ &’,

‘This guidebook attempts to bring the intxﬁiﬁﬁﬁffﬁﬁship between humans
and natural resources, in partlcular coral, into sharp focus so that public
school students who are future citizens can learn to take respon51ble action
in dealing w1th Hgwaii's natural resources R
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> HOW 10 USE THIS GUIDEBODOK ' ‘

Although the mater1a1 in-this gu1debook Was pr1mar11y des1gned for
intermediate level students, many of the activities have been used
" successfully with upper elementary and high sthool students in
conjunction with a study of-the marine environment. .

The approach USed in this gu1debook reflects the direction of
the Hawdii State Department of Education's Environmental Educdtion
*““ongram and- Vs phitosophy that eduTation in-this—area should. be - .
concerned with the; interrelatedness of.humans and their environ- -

ment. This Guidebook attempts to give teachers a tool to help theijr
students come to an understanding and appreciation of this inter-
re]atedness _ ,
. It is not.expected that a teacher will be able to take the class
on-all of these field trips or ‘be able to do all- of the act1v1ties ’
' Each field trip is a unit complete within itself, akthough it also

- relates to all the other field trips in épme*way. .Field tr1p§ are -

arranged into "topics” which are cSmplete: within themselves. Top1cs

v+ are divided into teacher background material, activities, and

¥

questions. Answers to the questions are profided parenthet1cal}f
. for the teacher when it was thought to be necessary. The background.
" material is progided for your informatfon and does not necessarily need

! to be the basis of a class lecture, Often, the tnformation gjven as

‘background will come out during the various act1V1ties planned for* that
.topic and in the guestions. .

For each field trip the maaor instructional goals_and- ob;ect1ves,
performance expectations, and essential competencies, from The Environ-
mental Education K-12 Curriculum to'whose attainment the activities

. can contribyte have been delinéated. .
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" Instruct10na1 DbJect1ves

]

Suggest ways to guard against Qetrimental environmental

FIELD TRIP I - KANEOHE BAY

Instructional Goals

,D1scuss the phys1ca1 features of the coastal zone areas

-Discuss how_the manipulatfon of one. environmenta?

When .faced. with decisions concerning the use of terrestrial and‘.

extraterrestr1a] resources students w111 select practwces developed

]

in recognit1on of present and future environmental and humans needs.

-Students w111 demonstrate an appreciation for the 1nterdependence

'ot Tiving th1ngs in the closed earth system..

_——— .

Sc, SS, HS
of- Hawaii . . .
vExpla1n why algae and coral are renewable resources and Sc, SS. +
discuss the constrarnts on this renewability. . .
Identify and exp1a1n important funct1ons of a]gae and .Sc. N
corals.
a ) ‘.
Give eﬁhmples of how survival of air organism depends on  Sc, SS, H
its ability to adjust to 1ts environment.
" Explain how people make the most -of therr adaptations Sc,-SS, H, N
through the-use of their 1nte111gence - .
Collect evidence showing how the “balance of nature" “sc, S5

has become upset with the removal (or addit1on} ofa . ——
species from (or té) an. eco-community

Explain the: complexities of an ecologica] problem with- . Sc, SS, H, LA

in a given ecosystem.

ldentify an ecological problem in tife community qr
design a program to correct it. .

< 85, Sc,'H, LA

b

" 5S4 S4, H

“? : ss,:st, H'

Report on an overload system that they haye observed.
Formulate a hypothes1s about how changed env1ronmehta1
practices may affect ecological balance. .

element affects all eléments. . . ;:—

manipulations ‘of ecosystems., .
Sc, H, S5

.Sc, H, LA, S, V.
¢

Collect data to_illustrate the change jn algae Species

that result from increased detergent u

ldentify industrial practices which minimize detrtmenta]
impacts on the environment,

u
o - . ¢ *1 'n
“ . - L
v LY - PEERS Az N ‘ " "
.

.S, Sc, H, BPA,

¢/




Performarice’ Expectat1ons )

Cites examples of statew1de, nationwide or worldwide environmental
probleins .

) Cites examp]és of social, pojiticaly or economic decisions which have
. caused_environmental problems. -

Uses ‘& variety of resources to gain information on environmental matter§4
S . - —Conducts simble investigations to gaun first-hand information on .

© environmentil matters. o
Describes instruments or methods that can be used to gain information
about environments or change an environment for a dgﬁired resuit.

Integrates 1nfbrmat1on gained from resources with information gained
through d1rect‘exper1ences to develop understanding of environmental
. matters. \
i
Describes the impact of various industries on the environment.
~
Cites examples ofinegative and po$1t1ve ways human being can change

the environment.

*

. ' Describes the effe¢ts of env1ronmenta1 changes on the beauty of an
: environment . . . . .
> [ :
Identifies state anﬂ federal government agencies primar11y concerned
with envrronmental hanagement or control

Ident1f1es non-gove ment groups primarily concerned w1bh enV1ronmenta1
matters. ‘. - .
. “ W . N - .
Describes the resporjstbilities of state and federal agencies for
* environmental mana ntfdr control. .
‘Describes 'the functilons of non-governmental groups cohcerned with :

environmental matteﬂss' . ..

~

o

Ident1ff£s state or
the environment and
Identifies spetific
Tive in harmony with

federa1 taws designed to protect people and
discusses the1r effect1veness

contributions one can make to he]p human be1ngs
the environment

-




. e
Essential Competen®Mes ¥ . ' ' .
. Reach reasoned ;oqujons';o commonly encountered problems. , ’
Use resou;ces'for Tﬂhgpendent<dearﬁing. oot . -
. ' Demons trate kﬁowledge of .the basic structure and ‘functions of national, |
state, and Tocal governments. b . X

Demons trate kqowledg_e of important citizen right$ and responsibilities.
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- TOPICS DISCUSSEﬂ' -

1. WHAT CORAL IS; WHERE IT GROWS; ITS BIOLOGICAL NEEDS; AND TYPES OF
' © " .CORAL REEFS.

2. KAN_EdHE BAY AS A HABITAT FOR-CDRAL; PAST, PRESENT AND FUTURE‘.“

3. . THE IMPORTANCE OF PLANKTON. .

- FIELD TRIP SITE; COrql Gardehs Glass Bottom Boat, Heeia Kea Pier, Kaneohe.

%

KANEOHE BAY
Heeia Kea
State. Park

Heeia Kea Pier

..,-- —

Heeta: Kea
Boat Harbor

s
.
ot M

Likelike Hwy

The Glass.Bottom Boat offers a view of the different kinds of reefs
in the bay, living coral, and coral covered with "green bubble alga“,'
It also offers an opportunity for students to see plankton and an1mals
associated with the reef.- The Glass Bottom Boat .offers either 1 or 2
hour cruises of the bay. Call 247-0375 for cost information and
‘reservations. $ee_aependix for a description of programs available.

Heeia Kea Pier has restrooms and a snack bar. -




INTRODUCTION . . oa

Kaneohe Bay is a-unique Hawaiian habitat. It is the largest pro-

-

tec‘ted body of-watek.in the state; it SUpports, large expanses of 1w1ng _ ) ; .
coral; it has exdmp les of thr'ee di ffer'ent types of cor'al r'eefs. it has

‘been 'the center of Envwonmental controversy for the past decade. There / .
is much aboyt- the bay th!at is of‘envir'onn‘lén‘tai 'inter'est. Tl;e f'ie]d trip

into the bay-on the Coral Garden.Glass Bottom Boat allows *students to ’

see the dlfferent types of reefs, reef animals. and p]ankton at c]ose hand

Pre-field trip act'iVItles will he]p students understand what they see ‘

. (m Kaneohe Bay. ‘ ‘ S S,
r ~— "" o <
) ) 4 I /'- -’
PHYSICAL DESCRIPTION . ) ( v _ .
) I(aneohe Bay 'is the largest pr'otected body of water in the state. . . N
h]

It is 12.5km 10ng, 4.1km wide at the tenter, and 20m deep at its deepest
point. It provides e;tcelient examples of d¥fferent kinds of coral reefs. A
The bay is protected from the ocean by an extensive Qa_rgi_e_r' r'eef>wh1ch |
‘r'uns across its mouth and breaks the force of the ;aves Barrier reefs
are characteristically separated from the land by & deep lagoon channe].
Other-reefs include scattered 'patch reefs, which are small, isolated reg,
.and- fringing reefs which g;row along the rllar'g'in,'oi; the land.
Two channeis, one at either end, f&c‘i_]itateJ'the e;_‘change of bay

water with fresh ocean water. This exchange is not adequate to comfﬂetely

flush the south end of the bay, making this part a "semi-isolated lagoon".

BIOLOGICAL DESCRIPTION ) A

Biologically, the interior of Kaneche Bay is a "pr-otei:t)gd . NI .*.

14

A6 : .
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. cpmgunity", due to the presence of the basrier reef. This hab1tat supports
tora]g,whiéh grow well.in ca]ﬁ w5ter The dominant coral is the "f1nger
< . I s

cotal”, bﬁrites eq_gressa ThlS coral grows tdll and thick, prou1d1ng v

Srevi ces ahd ho}es for fish and: bther apinals to hide ln _Because. it

‘provides so muéﬁnprotectlpn, it ‘can support a great deal of life. '-. -

) g . . Y
" KANEQHE SAY ” ' . &% Patch Reef

@& .Dredged Reef
* F “Fishpond

Fore-reef

\\\\\x\\ ‘ﬂfﬂ“%

%\\garrten%

FTe 0" - wb 00
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TOPIC 1: WHAT CORAL IS, WHERE IT GROWS, ITS BIOLOGICAL NEEDS

Host corals are colonies of many smail sea anemone-like animals

called polyps. Coral Polyp
mouth )
tentacle

-

hollow body
“limestone corallite

»

. Each polyp secretes a small eup-Tike structure of limestone, called a
corallite. The corallite provvdes support and protectlon for the soft-

bodied polyp which is able to retract into the corallite when not feeding.
) _—

A7

- 15

L ’ér

ﬁ




' ;
i
w X P
L]
T
£

’ The polyp has a circlet of tentacles surrounding a central méLth,
‘which opens to the hollow body cavity. The tentacles are arme w?th
J |

stinging cells that enab]e the coral to capture small floatin ‘aryma1s

called zooplankton. ¥
n

Some corals, such as the mushroom corat, (Fungia:, are sing polyps,

but most grow in colonies. In the colony tfig polyps are iagef-cdnnected -

by tissues that lie as a thin skin over the.non-liviﬁg skeletdn.| The
. ¢ ) f
polyps are continually secreting calcium carbonate \sghich causies ;&he colony

C, !
to expand outwards and upwards. ' T ; 5 ’
. N ] -

coral co'lolfy .' y

-

The. skeleton gives the”c0ra3 co]ong its 7éahe, wh%le ﬁhé living
tissue gives the color. Removal of this t[ﬁn;’]ayer' of tissue leaves,.
with few exceptions, a white skeleton. }

Corals can reproduce by asexual or sexual methods:. Asexual "budding"
‘ results in the growth of the colonies by the subdivision of existing |

-polyps; while sexual reproduction results in a tiny planula larva which

KJ

swims away to form a new colony.

A8

.
* .
' .
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Some corals are called “reef;buildiné“ or hermatypic cora]s;‘and
this alludes to their effiéifnt production of calcium carbonate. This
ability is enhanced b} a symbiotic (mutually beneficial) relationship \
with marine plants. Reef corals contain tiny one-celled yellow-brown
algae called zooxanthellae in their living tissues. These algae are
SO numerous as to\give the'liv{ng coral a brownish hue (a[though the
color can be overridden by the coral's own pigmen%s).
In the cota1~zooxanthe11ae relationship, the zooxanthellae receive:
1, protection within the coral tissue;
2. carbon dioxide produced by the coral which they use to make
carbohydrates during photosynthesis; |
3. nitrogen and phosphorous from th¥coral's qifte products. These
nutrients are in greater concentrations in the coral tissue than
they are in the sea and are essential elements in plant growth.
The corals, on the other hand, receive: o ' ;
1. nuiritiOn.tin the form Ofrsoluble carbohydraf;s which are leaked
‘ fr0m~the‘zooxantﬂef1ae; 7 ™ L

2, an increased ability to produce calcium carbonate, the exact

mechanism of which is not known. °

_ Since zooxanthellae are plants, and must'have sunlight for photo;
§§nthesis. the growth of reef-building corals is respricted to clear, :. ¥
sﬁ%lfow.‘sunlit water. Temﬁerefgfe apbearg to Be iTportant also, as these
corals flourish only in warm oceanic water between 20°¢ {68°F) and $
300C {86°F). The reqairements for warm water.and”abundan% sunlight ‘\X,

restkicf reef-building corals to the tropics.
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CORAL DISTRIBUTION

‘CoraTe have a 11m1ted to]erance to sed1ment changes in a11n1tz
-(salt content of the waterl. and exposure “to air. They also require
adequate water movement to prOV1de food and oxygen o ,

" Corals are the mos t 1mportant group of an1mals on a “reef c0ntr1but1ng
to general habitat diversity, Coral reefs are character1zed by having en
1rregu1ar surface witl many holes and caVes and their accompanytng changes .

>

in 1ight and waterumovements Generally, a more complex environment will

-support more animals of different sorts than a simple one (see "Hab1tat
D1ver51ty“, In-C]ass Field Tr1p) ’

“When it is rea11zed that the stony corals are the key species in
the overall ree? ecosystem,.it can be apprectated thet the destruction
of all or most of th§ living corals on a',reef would have a drastic and
immediate effect on the entire reef communwty '1. This is a good point
to keep in mind as you beg1n-the study of Kaneope Bay .

1 Deas, W. and S. Domm, 1976. Corals of the Great Barrier Reef.

Ure Smith, Sidney; IZ?})p.
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ACTIVITY II - On-Site ' S ';,_.). R

ACTIVITY I - Pre-Field Trip
ObJettive: To understand.the basic bﬁe]ogy and ecology'of living coral.
Procedure: Dr. Art Reed of the Zoology Bepartment of the . Un1Versity‘of
Hawaii has prepared the film strip “L1V1ng COra1 How It Grows and
Reproduces'l to be used with ‘this unit. This film strip can be obtained
from your district office. It is very important‘that students view'

this film strip at the beg1nning of their stud; of corals, as it g1ves
basic background information that they will need. You may flnd 1t useful.
to show the f11n\str1p again affer the class has discussed the f11mstr1p

in order to. c1ar1fy po1nts brought up in the d1scuss1on

- [y

o

-

Objective: To recognize fringing_reefs (those.éssociqted'with the .

shoreline); patch reefs (isolated jn the Bgy); and the‘hnrrier'reef
(located out at the mouth of the bay) (To locate fﬁe barrier reef )
\l : : .."‘.i E

look for surf breaking on the front of 1t); | .

n -

Procedure: Ask students to point out the dlfferent kinds of'reefs,as'_

E]

yow_ see them. ' - ,
‘ll ’ “'
ACTIVITY 111 - Gn-site '- .

0bgect1ve: To relate the d1fferent co]ors ‘of - the water to the- changes 1n

depth and substrate on the reef. ‘ R 3._,~ fiys

4
- -

Procedure: As you pass the reefs have the students notice the cqlor ;',q‘

S/

changes and .answer the following questions " T {“

-




« . . .
-
n

- fl Why:ig the water different colors? (D1fferent depths and
f’,//f/ T different materials on the reef tops. ) ' '
_‘2. As you approach a reef can you guess the type of ibottom that

each color refers to? B
3. DOnce the boat is stoppeg on the reef, Took through the bottom
, B of the boat. What are;the djffehent kinds of materials
that cover the bottoh? (Live coral, dead cotal rubbJe, sand,
green bubble alga) . | |

4. Can you relate these different bottom types to the different
colors of the water? L J

E. .Can you think.of any reason why it would 53 useful to be able
- to Melt bqttoh type and depth from the colors they give through
the water? (For fishing or navigating a boat)

ACTIVITY I - On-Site

Objective: To obse;ve matfne life living hidden*within the reef.
. Procedure, Once on thé reef, the crew of the boat will collect 1arge
chitnks of ‘green bubble alga for students to break apart. Many animals
. ljve within the folds’ of this alga because it grovides protected areas

r

ht provide a similar habitat?

- where animals can hide from predators. S )
),Hhat other plants or an1ma?s on the reefip{;

t(Liv1ng cora] provides homes and proteqxéon in the same Nay If you were

to break up 11ve,cora1 you would see similar kinds of small reef animals).

- This activ]&y‘sh ,T‘hat there are more animals on the reef than you

would €think™

w
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"~ away in the reef. .

Identification of animals in the green bubble alga:

Common animals found in the alga are colonial filéer feede;s. Th¢§e
are encrusting colonies of tiny animals. They may Qé gmooth and wﬁfte.
dotted with sﬁa]l holes, or hard and crusty. The white ones'are\;olohial
tunicates, -and .the crust} ones are bryozoans. Briéhtiyikolored spongés
are common too. They are soft and spongy to the touch;- )

Crustaceans such as craps and shrimp are common, but 100k for an

inch long green one called a mantis shrimp. Lafge mantis gbnimp can be

These small ones are harm-

harmful, as their claws can.give a deep cut.

4

less to humans.

W

. = .’- . '
You'll probably see sefmented worms with tiny bristles dlong tdeir '

" sides, and perhaps a tiny 6 or 7 armed.starfish.

Appreciate the great variety of tiny creatures that live hidden <

4
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. TOPIC 2: * KANEQHE BAY AS A HABTTAT FOR CORAL - PAST, PRESENT AND FUTURE

' Unt11 the early 1960 Se Kaheohe Bay was well known for 1t5 c%ear§ <?
water\and coral-rich envlronment The bay uas a fav0r1te piace“fbr f!sh-
iog,:boating;twater-skfing'aﬁd-sw1mm1ng - As, the population of, Oahu grew--
and highways were built-ot the winoward, side of the.island, the p0puTa:fon,-
around scen1c Kaneohe Bay aiso began to grow "~ As hous1ng developments
were built, vegetation was str1pped from. the hillsides, Ieavingcthe soil
exposed.  The heavy/rains that OCcur on’th1s side of the island. e:Eded
thelsoil washfng/ft’into the bay. Asphalt and concrete covered the
watershed 1ncreas;;g the imperv1ous surface areas, and therefore cauS1Q§
1ncrea§ed freshwater runoff 1nto the bay Flood contro] channe]swwere

bailt, taking the p1ace of natural streams, aga1n causing the ralnwater .

.‘ag_h .
to vush into the bay rather than slnkfng lnto the earth. Sedjments "oy

3
"

~eroded from the” bared land and carried in the runoff waters were np '}” T

Tonger dep0sited downstream but transported v1a these smooth Ghannelg

into the bay ' After 3 heavy rain.mich of the Bay, particularly tho

southern portlon becomes a characterlstlc red-brown color as- a result

i /) . B - L]
" of thjs erosion and s0i1 transport, = _ 2 Qiﬁu« :
: \. '
Increased urban1zation also’ brouﬁht ancreased sewage, and f?om the “ "
.
1940's until 1978 Sewage was dumped ‘into the, !outh end of R

L]

the bay. Since there are only two deep-water channels into the'bay,

circulation in the bay, espec1a11y in ‘the south end, is poor HoweVer

. “¢irculation was adequate as long as the biolagical’ stresses were few Lo

As soon as large amounts of s11t; freshwater runoff . and sewage began

pouring 1nto the bay, the c1rcu?at1on was no 1onger adequate tn c?eanse

_-

the area o ; S C1 00‘ I a. '

i . . ’ " : . L ) N
.. . - MY
- . . L. - o ol
. ) * . . -
- * . =

o




-

-

The sewage acted as fertilizer- for the algae in the bay. Phyto- - .~

plankton (plant plankton) began to bloom (show a rapid population in-

crease) causing the water to become green and murky thus decreasing .

“the amount of light reaching the corals. The "green bubble alga"”, .

- Ll ’ ] ] ] :
JDictyosphaeria cavernosa, began to grow to giant size, in some cases

.one, .

-~

overgrowing and smothering-the corals.

T

Corals are sensitive animals. They need clean seawater of a normal

salinity and adequate 1ight so that the tiny algal cells within their

tissues can photosynthdsize. They are able to cleanse themselves of a

small amount of silt but are smothered unaer large amounts "New’ coral
colonies must have a hard, non-shifting surface to grow on. All of the
environmental stresses heaped on the bay were detrlnental to the corals,
and because the corals prov1ded a habitat for great mu]tltudes of marlne
llfé these also decreased. ’ o ]

New kinds\f_'marine Tife began _Ito qominate the south end: .huge A
growths of‘sponges ‘Iong orange séa _cucumbers, large expanses of zoanth1ds
(co]onles of sea anemone-llge animals), and the already. mentloned “green
bubble a{;a“ These llfe forms were able_ to take advantage of the new
envlronmental condit1ons Tne_sputp end of the bay wasn't l-'dead", but

the environment had definitely shifted to a less aesthetically pleasing

. -/\ |




) development will take many years.

in the mid-1970's Kaneohe Bay became a heated environmenta1 issue.

“The film "Cloud Over a Coral Reef" documented -the ptjght of the bay in

a highﬁy emottona]_fashion, and public pressure demaoded that govern- W

mental officials take action. P]ans tor the Séwage to be dumped outside

"of Kaneohe Bay were made, and in 1978 it became’ a reality Some changes

i
are’ not reverSIble, however, and it is Tikely that ‘the bay wlll never
PR A
be complete]y as it was Nutrients and toxic chemlcals stored in the

-ggdlments wllt cont1nue to- be released for some yeans. . Algae will con-~

‘tinue to be abundant. Some corals nay never recolonlze in danange areas,

‘”and when recolon1zaﬁiohfgbes take place, reef formatTon and communlty :

E
P

e =S5t to be.solved is the problem of silt and freshwater runoff,

because,they wlll continue to hﬂ@per the-spread_of living coral reefs

back into oamaged areas The Environhenta] Protection and Health Servicesy

UTUISIOH Department of Health State of Hawall, is working bn solving

-

Hawa'ii' s water quallty prob]ems See the appendix 'to this section for

¢ a d scussion of "Regulations and Procedures Controlling Water Runoff anﬂ

Sedimentation”.

L ’
N

ACTIVITY V - Pre-Field Trip. .
Objective: To. understand how a’coral reef can be destroyed.
Procedure: As previously peptioned ih the Bio]ogicaf Degcription of
Kaneohe Bay:~the film “C]ood Over a Coral Reef" was instrumental in rall-
ing support’to save the bay. It is essential that students see thjg'

movie to éet the most out of the Kaneohe Bay field trip.

"Cloud Over a Coral Reef" can be obtained from the Main Branch of |
g

L

Alé
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-
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.. " the I ate Ltbrary, Department ,Of é’duﬁatiQn Audiovisual S‘e,r_'vices Unit
or frdﬁ the Audio Eisual Seryicesﬂ Siﬁclair Library, Unﬁveﬁ%ity of
‘ Hﬁwaii. The §}ate-L%brary will take reservations fgr tﬁe film up to
":{f 1 month ahead o} the time it is to be used-and will loan it for 4
’ dayé. UH. requires a-written reguest for the.film'atlléast 3 working
" days pr{&r to thé‘§9y_of use. There.'is no, charge at thé l{braﬁ}es.

Main points presented in the movie:

1. The different kinds of reefs (patéh or button, fringing,

.

« barrier, atoll).
at ~

o 2.+ Why reefs are benéficia] to marine animals and humans.
3. "Threats to living reefs:

"a. ‘“crown-of-thorns"

. " A e
. \ .., starfish, , X \{ ‘\‘
) _ 7t N . ]
~ME
. ot
=7 .
s X
b. stltation,
dredging, sewage . _ crown-of-thorns
. - ) —— starfish *
(this part was filmed in
. Kaneohe Bay).
Theefollowing questions can be used for a discussion of the movie:
1. What are the names of the different kinds of coral reefs o
shown in the movie? (atol1, barrier, patch or button}. *.
fringing.), - ‘ : .
b 14
_ 2. What do coral reefs provide for marine animals? (Protection, ’
. . homes, food. ) - . %
; -8
ﬁ W
o Al7




ACTIVITY VI = On-Site R .
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3. What do coral reefs provide for islands? (Protection froﬁ

-
o

wave erosion.)

+ 4. MWhat do the coral reefs provide for humans? {Food,

FEN

aesthetic enjoyment, recreation-diving, surfing)

~ 5, Hhaé kinds of th{ngs threaten living cﬁraJ? (E;0wn~of~thornsf'e

‘starfish, silt, sewage, dredging, green bubble alga)
6. - th cah't corals grow in areas coverﬁd hy silt? (Corals

'need a hard surface,to attach to.)

-

1. th are the effects. of sewage pollGtion worse 1n Kaneohe Bay'

than in offshore area§§ (Poor circulatlon 1n Kaneohe Bay: )
8. What kindi of plants and animals thriVQ on the pollution in
. ) : ' - +

the bay? (long orange sea cucumber, sponges,” green bubble

T

alga.) .
9. What part of the bay showed the worst affects of pollution?

B . -
Why? (South end, because of poor circulation, site of

outfall, .advanced urbanization. ) . - ) .

10. How didﬁgﬁis movie make you feel?-

-

’

<t

Objective: To see Kaneohe Bay today, in the light of its history.

" Procedure: Use the following questions to focus students. observations

of the bay. -

4

B + .
1. Look at the Koolau Mts. What do the steep, deeply eroded,

lush palis tell you about this area? (Lots of rain.)

2. How ﬁany bare,-red hillsides do you see? How maﬁy areas
. ) . l.
of new construction activity? )

[
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3. When the boat is over the patch reef, look for the green
bubble alga.- ls.it still growing over the Sorals?

4. Look at the color of the deep water. Does it have a green-
ish cast from excess phytoplankton, or a reddish cast from
recent land runoff? When you go ooer the patch reef does
the water seem tlear or murky?

-

TOPI’Q 3: THE IMPORTANCE OF PLANKTON .

Plankton is a very general term applled to small aquatic
—

B

organisms whose relatf&ely weak swimming capabilities result in their

being randomly carried about by the ocean's currents. Plankton includes

both plants (phytoplankton. phyto=plant} and animals (zooplankton.

oo=anirnal) In the ocean the phytoplankton are the primary producers.

In a manner similar to that of land plants they provide ‘the Tink between

‘the sun'. s energy anB-all of the animals higher in the food wehp Small

200plankton eat phytoplankton. and are in turn eaten by larger

Zooplankton and small fish and so on.

Y

»

- Corals also.Utilize plankton as food, but rather than actively °
pursuing thein prey, .corals remain stationary on the bottom and depend
on water ‘movements to replenish their food supply. The plankton are
captuned by the tentdcles surrounding the mouth of each polyp.,

Some zooplankton are wholly planktonic spending all of their Vife

drifting in ocean currents. Other types of ‘animals are.represented in

" the zooplankton only dufing their larval stages. Corals are such animals,

releasing their planulae as plankton into the water to disperse 't0 new

Jocations. This eﬁplains wﬁy similar corals, and other animals as well,
‘ £ v ; '
£ ... e,

+

4




may be found at opposite ends of the ocean.

’

ACTIVITY VII - Pre-field trip.
ObJectiv To understand what plankton is and its importance in the

oceanic food chain.

_Prﬁéedure: "Plankton - Pastures of the Ocean" (F551), 10 minutes. This

filn is available through Audio Visual Services, Sinclair Library,

0 h
University of Hawaji or Department of Education Audiovisual Services
unit. MBr Sinclair Library request the film in writing at least 3

morking days prier to use.

Questions for ;lass discussion on plankton
1. Can plants that live in the sea live in both deep and shallow
water? Explain. *(Plants in the sea must live in shallow water
so that they have sunlight for photosynthesis.)
2. What is chlorophyl] used for? (To trap the sun's energy for
use in the food chain.) ' '
3. Why are p]ahts.importadf in the food chain? (They are able to
produce ‘food for animals using the sun‘s energy.) .
4. What an;tﬂatoms and dinoflagellates? (Planktonic plants)
5. What kind§ of animals only spend their Tarval stages 1n the

plankton? (Fish and animals which 1{ve on the bottom. Jike

%>‘ crabs, tobsters, sea urchins and sea stars.) C

6. Why do scientists study plankton? (They hope ii)will BPUVﬂde
food for human populations. It also gives information on the

distribution of larval forms and on ooean‘currentd.)

L a2 28
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ACTIVITY VIII - Pre-field trip.

~

Dbjective: To prepare for doing Activity IX by learning to tie knots.
Materials: Rope (clothesli'ne works weil)

Procedure: Use diagrams on the following pages to prepare student

to secure their plankton nets to the ship's railing. .

A rounﬁ:rn and two half hitches ‘

//-\\_, B : | /

S0 “7 / /I V}(/ // — . Cross over and ;lnder. !7!

|

To plankton net:

‘,' A n

e J - ’ then over and under

2. e F/_ again, v

-

/ // / // / ]— e pass free end ove line.

attyched to net and
- through loop. Tfghten,
repeat one more /time,




“Clove Hitch
Used as a secure hitch around anything

1. Loop around, ¢ross over, l

2. Around.dgéih, over, then
under jtself,

f

3. -Tighten

ERIC / a2
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@ ACTIVITY IX - On-Site ‘
Objective: To see live planl;ton.
‘ Materials: Plankton net. When you make reservations fou: the cruise,
let the?n know you want to do a plankton tow. You can use their net, or
\ 6 | students can make their own. “(Sée appendix for instructions.)
The tow should t'aegin as soon as the boat has cleared the harbor.
(Be sure to stagger the lengths of rope for the nets!»behin;:l the boat sc; _
they do not bump one another.) The plankton will be caught in a smail
bottle at the end of the net. Pas;s this around for everyone to see.
‘Plaqkmnic animals are small, usually clear", and come in a variety of

. shapes;

G HE
Y _b-,.‘.?
Y
P

:‘5:-_ B
) -‘
T

L L]

Y

' . »

. (Refer to Blue Water Marine Laboratorly Cruise Guide in Appendix for
identification materials.) .

o S -




Questions on Entire Unit.

Discussrthe interaction of humans and réefs:

1. What are the functions of a reef? {Protect islands from

wave erosion, providé habitat for marine planp; and

animaIs)'nﬂhat befiefits do humans derive?- {Food, ;urfing,

and other recreation activities, aesthetic enjoyment)

. What do reefs require to_develogéand mainta%;-themselves?
(Clear water, ﬁorﬁal salinity, §$nlight.) ‘

How can humans influence reefsii 6;Edging, land runoff,
: dumpi;g of wastes, cloroxing,fo} fish, taking coral)

What sorts of measures could be adopted to protect reef
resources ? “(Initiate fishing managemgqt, restricf c&ral
harvesting, and coné}ol dredging, sfltatibn::frgshwater

. runoff, sewage, insecticides, and introduction of new

aniﬁal‘species.) . - v

~

a8
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© "MAKAHIKI KAI ' a >~ Teacher's Guide
‘ Festival of the Sea '77 . ~ __  Rose Pfund, Coordinato"

PLAHKTON
LT ln the study of ocean life, it is with the E]ankton that all things
begin. - The word plankton means "drifteri-or "wanderer™. Hence, all
plankton are those creatures that must drift at the mercy of the currents
A gacause they are either too weak or tog’small to swim against those
orces
co The k1nds of things included in the plankton are such things as
5. Tarval fish, baby crabs, tiny shrimp, bul-1ike creatures called copepods,
one-cglled plants cal]ed phytoplankton, and many, many, many other tiny
~  creatures of the sea.
- The plankton 1ive in the surface waters of the ocean, and serve as
. the ultimate food sourcé for many of the sea's lquer creatures,

¥
i

A HOMEMADE PLANKTON NET

Scientist have spec1a1 nets with which to capture plankton, The net
is towed through‘the water behind a ship for 5 to 10 minutes, then is -
brou?ht aboard for examination. This is how you can make a net using
simple materials.you may find around the house.
= MATERIALS NEEOED: nylon stocking or pantyhose, scissors, needle and
thread, wire clothes hanger, pliers, about 15 feet of line, and baby -
food jar

STEP 1: Form a ring from the wire
hanger, twisting the ends to form
.2 smooth joint.

STEP 2: Cut the stdéking as in the
diagram.

STEP 3: Sew the stocking onto the
ring, leaving 3 evenly spaced %"
gaps where the bridle wi]l be tied.

STEP 4: Fashio a bridle, ‘knotting
three 2' lengths of 1ine together

on one end. Tie the other’ends to
the hoop at the gaps.

STEP 5; Séw a hem on the ofher

end of the stocking net so that it
dose not ravel. Then tie the jar
on to the end of the completed net.
Now you are ready for your first ~
tow!

Q . A26
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\SORAL GARDEN GLASS BOTTOM BOAT

Kaneohe Bay
Educational Field Tnp Information Sheet

' »
Cruise #1: South Bay Patch Reef Cruise

Depart pier for 10 minutexgtuise to patch reef lncludlng narration on the
major points of interest (the Koolaus, Chinaman's Hat, Kapapa Island and
- the dbarrier reef, Mokapu péninsula, Ylupau Head, Coconut Island) and a
brief descriptlon of each, i.e., Chinaman's Hat 13 a sea stack, Ulupau
Head is a tuft qone. etc. .

Arrive at the patch reef where we will drift over a;proximately 500 yards
of reef. Narration will include descriptions of the various corals, sed
cucumbers, sea urchins, algae, and reef fish. 20 minutes is spent on «the
reef. '

Depart reef for a 5 to 10 minute spin around the bay which will include.a
plankton tow with a description of plankton in general, and the specifics
on the plankton that are netted: a description of the ‘Heeia fish pond and
the operation of Hawaiian fish ponds in general.

Arrive at patch reef where viewing over the bow and BldGB is encouraged.

A diver will go over the side and dbring up bubble algae-and any other reef

animgals that may be found. The stay on the reef will_de approximately
.10 minutes, and viewing may also be done thrpugh the glass boxes.

Depart reef for 10 minute ride back to the whar{ during which the algae
will be available for inspection. A description of the various animals to
be found in the budbdble algae (crads, shrimps, sponges, tunicates,
bryozoan, etc.), will be given and these- animals may be inSpected first hand. |

Total timea S1ightly less than one hour.' (55-60 mlnutea)

ruise gz; North and South Bay Comparative Patch:.Reef Cruiae

Depart pier for a 25 minute ride to a patch reef in the north end of - .
Kaneohe Bay. A complete narration on the history and geology of the bday

and the Koolaus, a description of patch reefs, fringing reefs, reef flats
and the barrier reef, and a description of major points of interest.

Arrive at the patch ree} for a 20 minute viewing of a healthy coral reef
with a description of the various corals and the reasons this patch’reef
is healthy in respect to the second reef we will visit

Depart patch reef for 20 minute ride back to the south and of, the bay with.
a plahkton tow en route. Description of plankton in general and the v
- specifica of the plankton netted will be given.

.Arrive at the patch reef in the south end of the ba{ for a 20 ﬁnute view of
redd that shows the effect of pollution. A descr ption of the differencaa

4 -
N . .
. .
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betunen the healthy and an unheilthy reef w111 “be given along with a
descriptian of’ tho corals, algae, reef animals. and fiah. )

Departrreef for.another. plankton tow which can be GOMQIred with the re:ults

of thp first plankton-tow in order 'to-ehow the effects -of pollution.
history of the Heeia f£ish ‘pond ¢k wéll as a geperdl description of -
Hawaiian fish ponds will-be given tnr abeut 10‘minutea.

*

P

&

. Arrive at patch reef where viewing over ihewbﬁw and sidea 1: encouraged
A diver will go over the side-and,bring up bubble.algae and.anx other reef
animals that may be. tbund BtIU on the: redf wil; ‘e’ approximately
15 minutes. . B S '
Depart reef for 10 mlnute rf&e btok o th; whar't, durtﬁz which the algae .
will be available for inspection, * A-description.of’ the various aninaru %o
‘be found in the bubble algae {cradbs, shi'imps, sponges, tunicaites; : :
bryozoan, etc.).will-be given nnd theseaanimala mdy be 1nsp/g:a¢\f1rst hand.

Total .time: 110-115 mlngtep

L

g .
v

Gruise # Optianal.Programk ifl ) :P"' i R

You design your own programs. We'*re flexible with all the pafféhof
Cruises #1 & 2. .The bay is a good location for explpering sandbars and
coral reefa. ‘Hawaiian weather, histery, and geography; marine btiiology, etc.

1 hour cruise (55-60 minutes .pler to’ bier)
2 hour cruise (110-115 minutab pier 7 pier)

s

Y,

E ]

e < g . o
General 1 Infomtion ot \ <.t & . }

.

L

Bl !

1 - Boat Descri tion - 49 pauaenger capacity - enclo!ed area. far glass’

bottom view

2 - Locatian - Heeia Kea Small Boat Harbor, Kaneohe,
Kam Hwy from the junctinn of LikeLike and Kam Hwy.

3 miles North on

g !

-

"y

g - outside deck with guard rails ardund the boat -4l f£t." long_

_ﬁ_- Schedfe -~ Arrangements available 7 days a week.

"4 < Narration -'We.will provide the narration if.you like or ‘you .can
{:ovide your own’ narpation. A micrephone is availabre with apeakers
side and outside of ‘the boat. - ...

A 5 « Insurance - The baat is fylly 1naured‘by Pirst Inaurance of Hawaii.
6 '~ Paymént - Checks or. purchase ovders should be made out to:

Kaneohe Bay Gruises Inc. . oL o o
41-879 Laumilo St. . . 4
Waimanalg, Hi . 96?95 , . .
‘For ‘further 1nfomation can zu7-0375 .
e, v
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- APlanlston Key

Tows MDE OFF MAIKIKI USING A 50,2 v

SoME READILY CBSCRVED PLAMCTON FROM DAYTIME SURFACE
DIAETER, ICRON MESH NET,

INTRODUCTION, This very limited key is intended as an introductory aid for the novice Wtwdent
exsmination of 1ive plankton aboard ship on a BML cruise, Most of the work will
dooe on deck using the 30X "pocket lens.” The key i3 equally useful for any post-cruisediamination =~

who makes g {irst
the preserved
= Most of the plankters described here have been selected on the

Plankton done in“the school laboratory.

important species are not included becsuse of their small ‘site,
1imited opportunity to use magnifications above 20X,
plankters are captured in these tows sre determined by many factors
taken, b) the time of day, ¢) the scason, d) thed:z:h at which the

thct;t. ipcluding the size of the mesh, Even
éatch.

L Descriptions of the
tions in most instances.

o Fouch

Prvum ProTozoa,
. 1) Class Mastigophors; Noctiluca sp. .

This animal is shapad 1ike a balloon, but is more often found
wmm&wnwm . There is & long cond-
1ike flagellumthet is characteristic of the apimal.

*night 1ight,” &5 it is quite lumincscent. It is mo
tows, Specimens may reach a diameter of 5 mm.

©2) QassDinoflagellats; Ceratium sp.

This armored ‘snimal may occur in short chains of two or three
organisms. The curved ‘spines (called horns) msy be broken. There

.

& length of at least 30 am, but the Maikiki specimens

' ’

are almost always a few in esch tow, Since they are hesvy snimals
they sink to the bottom of the specimen dish very quickly. The
sverage length is sbout 0.1 mm, .

3) Class Sarcodina

Skeletons of these animals are called "tests.” This one
is » somewhat bubbly 1 disc that vesembles a ~petalled
flower head. Esch'’ 1" is & seperate chamber that has many
tlx holes, called » PeRitting the snime]l to have contact
= with the water. They may be wery clear, or slightly tan, Mot
common, and quits smsll, but striking to see.
‘ L

b) Globigerins ip. ‘ :

There are some of these in . They sink to
the bottom of the centainer and become stuck fo other plankton, but
sasily ted :y the orange, pink6r rose color of the 1iving
Wnimal, and by the distinctive shx. Same dre complataly coversd
/'Kl«;,nudla-lm jections, while others may have very fow.
T test consists of many rowded chambers of differing sizes. ' One
mm is » singla large, hollow sphere, sometimes mistaken for a
egg or an eye, .

'lAgg

basis of their frequency of‘:gu/
or large mmbers, OF because their unique form or color make them stand out. Many intere ing

1t is important also to recognize that what
speed at which the net was towed can influence

imens sre from actusl observations, and the sizes given are
t should be noted particulsrly that these figures can be mislead ng because
be interpreted as an aversge size. For instance, the planktonic mollusc Carinaria is known

]

since wost Students will have only

such as: &) where the tow was
tow was made, and e} the dimensions

ima-

.thus far are less 1,

UNIVERSITY OF HAWAN
BLUE-WATER MARINE LAB
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Phvi CNIDARIA (tﬁa.mmm).

TOUM 3D,
This large, colonial radiolarian
ony may be
1) Class Hpdrotca

in tows
Individusl

¢o
radielaris

shich becomes fragile
have been 25 mm in dimmter,
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8) Order Biphonophors
"animal" is
better
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There my
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) Crab larva (zoea")

These very young crabs are called “zoea" and are frequently
Ynsmt in fairly large mmbers, They move about by fiexing their
ong, tail-like sbdomens, The upper body re&i:_dsbeus two stiff
spines, one pointing forwards, the other bac . loea eyes are

large, often appearing shiny red or blue. One ies has spines
muli'naw-normre,uﬂlrebmdedreduﬂ te. Body’qength_
of wost specimens is 1-3 mm.

¢) Older larval crab ("megalops™)

Older crab larvae are termed "crab megalops," or the "big-
eye" stage of growth. These look very much like a minjiature crab
oxcept for the abdomen, which- is still extended like a short stubby
tail, Their tiny legs and Claws break off very easily. They are
never found in large mmbers. A large specimen may resch 5mm
acrgss ‘the carapace (body shell), .

Y d) Mantis shrisp larva ("alima") -

The larval stages of the mantis shrimp {also called
“squilla”) are known as “alima" larvae and are easily recognized .
by the mdunc;e:}i;t&yshnpei m ;;mﬁthat give the animal its
nime, to s s flat, rectangular
that is quite broad and has two sharp spimsproectingﬁ'an:ﬁ:

terior corners. The abdomen terminates in a broad “‘tail.”
?omum. Young larvae may be .'su‘nlong.

2) Boloplankton .

g
55g
iis

lar

. i) Cyclope .

. This amll ocpepod is moet esasily recognizsd
by”the single red “eye” in the center of tbe head region, and
the pressnce of two eggz mace (¢ne jon each side of the tail)
that are alsmet slways preasmt in/females. * It may reach & |
langth of 1.5 om,

»

a2

#44) Suppbarins o,

This large, very flat and broad copepod is cost
poticeable for ita vivid iridescence. It is known locally as
the “paychadelic copepod.” ina is never sbundant in
tows, It is uwp to 3 m» long. 1ridescence changes from
t blues to red after they have been caught,

E

iv) Cmlilia sp.

: These copepod forms have wide, flat, rectangular bodies
thet dre tal clear, since it is almost alweys the molt, or
sbandoned ll.mt{sclmrwd. They are not common, They
may be to 3 mm long.

b) Wypériid Awphipods s

These amph crustacesns have laterally compressed
ars slways seen from.the side view. They are very

o
(S

*
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€) Mysis sp.

This slender-bodied animal is tly bent at such a
sharp sngle that the carapace appears barely attiched to the
abdomen. Even if not bent, it is easy to 1ift the carapace from
mbodyldthamdle. Legs are short, slender, and crowded to

front of the animal, I-¥ veach 0.5 mm in length. The
carspect scts as & brood chi r for young, and this growp of
animals are known as "oppossus shrimps.”

d} Class Decapods; Lucifer sp.

This is the only decapod snimal that spends its entixe life
in the plankton. 1t is long, flat, and very thin, Lafje
eyes are set.on long stalks and are easily broken off. Antennae
are long and flexible; the Jegs are short. They are very common
in some tows, The nare refers to the clarity of the body tissue
rather tha to iy relationship with the devil, They mav reach -
10 m in length. .

#} Class Qstracoda

Until one sees the tiny legs, this dnimal is often uiShaken
for & mollusc, pethaps because the ahimal is encased in.a bean-

shq«lshellthttishh\tfdltﬂtetcp.u ) sgeclmuyslnu
mk.émse.orredcolortluwshm%l. One ies
-¢lear, or mottled, or heavily embossed with raised designs 1ike »

very
1lic blue, or even dark brown

-

- ﬁw,:chau may be blue-gray,

body is about Suss long, but totel anims) length mey be 30 ma
“m. =l

44) Pterotrachea 30. .

This 1arge, thick, long, and colorless animal i3 a shell-
less mollusc. There is a flap of tissue on the vantral (bottom)
side that acts as & keel, and the head end'of the body i3 extended
into ¢ long tube, Tiny eyss shine a vivid blue. Thers nr-i-urely

' -

*

menmusmtbm. Shells may be smooth and | |
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ﬁé} Puclio sp.

. These transparent shells have a stromg triangular shape

. ond a wide opening. Older shells are translucent, younger ones
are transparent, Never comwn.in towsa They mey b€ up to 0.5 m

lm‘a > ' -

14¢) Spirstella sp. |

These =mall; periw\ﬁzile-shlped shélls may be very common
in tows, Some have delicate raised checkerboard designs; others
may be ridged.. Size ranges to 0,2 mm, 1

. . . -

. c) Glaucus sp. (nudibranch)

This unlikely mollusc is seldom found except when strong onshore

* winds are blowing. The animal is a dark metallic blue on the dorsal
side, and silvery gray below, The projections (papillae) are used
for movement and as a flotation device, Very young specimens may
be quite plump with stubby papillae.. They have been found up to
25 mm in length,

"
d) Ja_ thina sp,

This fragile globular shell occurs in fair numbers when stromg
winds have.been blowing onthore. The shell is lavender to purple,
as i3 the animal, They are closely associated with Ttu-
guese Man o' War (their food), There is frequemtly f reft of
bubbles’ attached to the apimal, which is their flotation device,
Shell size ranges up to 0.5 &n in our tows,

-+

-

¢) Larvas .
¢} Echinospira larva; Velutina sp.

. An uncommon, but exciting find is a large gelatinous
globe that may be smooth or have scalloped ridges. There is an
ewbryo mollusc inside. Gentle pressure will extrude the mollusc,
Some of these embryo "cases™ msy be empty. The adult mollusc .
has chewed the mass ocut of a tinicate animal and deposited &
single egg inside. These cases may be 1 m in disketer, .

" §f) Veliger lada ¢

The very yoamg stages of many gastropod animals have
crystal clear shells seemingly too small to accommodate the larva,
Movement is accomplished by means of two flaps (the velum) that

. have rapidly moving flagella along the edges. Shells may be
to 0.6 me in width. These larval stages are called “veligers.”

. 1:;1:) Class Pelecypoda; bivalve larva
These tiny clam-like shells may be crystal clear, or tan

2 or golden in color, They are often presemt in our tows, same-
times in largs umbers. They may be up to 0.5 w0 in width., -~
’ b 8

.~ Pivum Creworora (ME coMB JELLJES); Pleurobrachia sp.

These little vround animals are also known as "'sea walmsts” or

*sea gooseberries.” They may be very common, and .are first

noticed by the ixidescent flash of tiny rows of rapidly beating
flagella that ranfe down the sides of ‘the body.. The trailing

v tentacles are stickyy trap food, and sccumulate debris, .
Cwnphom.-biolmm]asgo. Body size resches 20 mm in dismeter,

- il
[} - . ] "
.
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Prvuum Ecroenocya (Pvum Brvozoa); Crphonsutes larve
Thucmmw hatmmuyi.deutiﬁdbythtmt,

trisngular, crystal clur shell, 1If the living animal is not
duturhd{lnﬂ <an be seen protrnud mf:utlncomrs

. un.ny o.Ls] n‘#lu 'ﬂe.m-' ryog:'.‘. “:.\:r? cq‘enrmmbut
—],\_ummnmugumwuummm

. Prvuum HAETOGNASTHA (THE ARROW WORMS) ;' Sagitta sp,
'l'hu. , slender animals are often found in mbelievable

» especiaily in tows taken nesr sewer outfalls or in
mimt-richatmlihmw The fins are hard to see,
tut the golden curved bristles at esch side of the mouth are not.
The bodies are very clesr, nuly any hint. of internal
organs or of ingested food. The anjmal is usually about § mm
1m¢ but at times sdy range wp to 10-15 mm.

1} Class Folychsets

s} Towpteris sp. [ _

This species of annelid worm is the ane that spends
its entire life in the plankton. Ittlnﬂt’fa:lzninmm,

bat is instantly
by the graceful undulations of the body as
water, andmuytudals-zs-inlmﬂn

b) Mydmtommw

Mlctlnrmlidmspuﬂthirndnntuminurm
. the bottom, but the-lsrval stages are not infrequent
tors. The urlim of scomo resemble a globe cqretely
md golden bristles, Older stages of growth
“show ﬂminct hudwit.h*ﬂn or more pairs of ms that are
te mticeable, and will have » varying nember of body segments
on the age). Each segment has bundles ofbristles
setae} on‘esch side. Sometises, pieces of worms will be found in
the saople. ‘nnumnym:halmgt.hof.'oninmm
Anrwlid wores ere also know as "bristle worms,” polychaetss, or
trnntpolyrhuu

PovLn Tunieata “
, 1) Thalisces .

l) Selpe s, .

This somewhat tube-shaped animal is quite clear, and may
bo fiﬂt not oy cpottl.nfmﬂ;n lei-shaped stolon at the posttrior

ing tentacles, a3 well a3 a
criu-cron desisn ted by the suscles which will help you

mi’{mﬂ'of B35 m i cur sy Y Ahmdans and way
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A Plamiton Key
b) Doliolsd )
- - ' "‘ - t
} These salps resemble clear, empty barrels that are open PN AYAYEE
.'J at both ends. There are faintly visibla encircling muscle bands. . ,*:: ?‘:‘( :L’ &f 15
They often quite shriveled, and mey be rather common in I 4 2 .
some tows. m are wp to 20 mm long. 1 5 O
2) larvaces | ’ 1 denwilh Londan sundss
. \
a) PFritillaria sp,
2, ﬁ—-——--“-‘“-_.:"l:..,\
The dense oval portiom of this animal is sctually thk" ] Sl &/
entire body, except for the tail. These are usually foud in :
sbundance in & tow, or not at all. The tail region may sppear
slightly iridescent. They may reach an overall length of 2 :a‘
b) Ofkopleurs sp.
The entire body of this small snimal is eontained within
the densa oval region that Pesembles a head., The flattened tail
region is frequently iridescent. They are almost alvays found in
some mumbers in a tow. They are ususlly 4 mm or less in length.
\\ )
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’ ; « FIELD TRIP II - CAMPBELL PARK

Instructional Goals

S tudents will demonstrate an appreciation for the interdependence of
Jiving things in the closed earth system. ' '

When faced.with decisions concerning the use of terrestrial and
extraterestrial resources, students will select practices developed in J

recognition of present and future environmental and human needs.

Instructional Objectives

Explain what an environmental -impact statement is and how  SS, SC C
- it 1§ used. : ,‘\(\
: Discuss the physical features of the coastal zone areas SS, Sc, HS
of Hawaii. , : | @
Discﬁss‘ the change in flora and fauna from the seaward - Sc
limit of the coastal zone to the landward limit.
Discuss the economic_value of coral. ] $S, Sc, M, C
. . ) .
Performance Expectations
Predicts the effects social, political, and economic changes would have
on the environment, _
Uses a variety of resources to gain information on envi rorunental matters.
Conducts simple investigations to gain first-hand information on
environmental matters,
Describes instrmlents; or methods that can be used to gain information
~about environments or change an environment for a desired result.
Integrates "information gained from resources with information gained
through direct experience to develop understanding of environmental
matters.
' B2 16 " ’
. »




Explains the effects of environmental changes on recreational
opportunities.

Describes the natural resources needed by various industries and relates
the locations of -those fndustries to available resources.

Describes the impact of various industries on the environment.

Identifies state and federal agencies primarily concerned with environ-
mental management or control.

Cites examples of negative and positive ways human beings can change the
environment.

Compares the aesthetic value of maintatning natural environments with the
need for housing, improved transportation, and increased employment
opportunities,

a b

Essential Competencies

Reach reasoned solutions_to commonly encountered problems.

Distinguish fact from dpinion in TV and radio news broadcasts, advertis-
ing, newspaper.and magazine articles, and public speeches.

Use resources for independence learning.

Identify the trainfng, skill and background requirements of at least one
occupation in which the student is interested.

Demonstrate knowledge of the basic structure and functions of national,
state, and local governments.

\/ oot 4733 . . ’
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TOPICS DISCUSSED: -

1.~ ENVIRONMENTAL IMPACT STATEMENTS (EIS)
COMPOSITION OF CORAL REEFS AND BEACHROCK .
ZONATION OF MARINE INVERTEBRATES.:

CEMENT - ITS ORIGIN AND MANUFACTURE .

& W ™

CAMPBELL PARK FIELD TRIP SITE

* ¥

Campbe 11K,
Harbor

CAMPBELL
INDUSTRIAL PARK

Fleld trip ?kf,f’
site . Ha Ra b
Malakole waii Raceway Park

R

To reach this site from the Honolulu side of the island, tﬁke the

H-1 freeway towards Waianae. Take the Cahpbell Industrial Park, Exit 1

turnoff. As you come to the top of the tuénoff ramp you will be on a

Lﬂbhidge over the freeway below. Begin 5 mileage check at this poiné Go

straight down the road 1.5 miles, then turn right on Malakole Road

Hawaii Raceway Park is on your left Just before the turn. Follow .
Halakole Road for 1.4 miles and turn left As you turn left there wili

be large white Storage tanks to your right. Follow this road a short

i .
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distance until it ends by a guonset hut and‘an elevated propane tank.
Park here, and [take a path leading off to the left. A short walk takes
you over a small rise and brings you to the lovely beach which is the
field trip site,
Safety: 1) The beach rock is covered with algae and is very
EJippeny: Caution sfpdents to walk 'carefully. 2) Be careful of

the waves. Never turn your back to the sea.

Barber's Point Beach Park Sanitary Facilities -

This site does not have any sanitary facilities, although nearby

Barber's Point Beach Park has bathrooms, showers and drinking'fountains.
After the field trip you may want to stop at Barber's Point Beach Park.
As you leave the field trip site and go baek along Malakole Road, you'll
see a.sign 1nq1cating the turnoff to the park. Follow it 1.1 miles until
you come to an intersection with a building with a “Carter Co., Inc."
' sign and an American flag on a flagpole in front. Turn right, and fhis
road takes you directly to the park.

@
INTRODUCTION

O0ahu has great areas of fossil reef that were formed when the
surrounding seas were higher and warmer. Conditions like these may have
occurred during an inter-glacial period, a time when the polar ice caps
were meltigb due to a warmer climate worldwide, and the seas conseguently
contained P greater volume of water. When the glacial periods returned,
and w7ter was withdrawn from the sea to re-form the polar ice caps, these
reefs were left high and dry.




J

The largest fossil reef area on Oahu is the Ewa Plain, -This area
contains Campbell Industrial Park, a smal) barge"harbor, and is*theksite v
3 of a proposed 77 a?re deep draft harbor. The field trip site i$ on the
beach, Diamond Head of the barge harbor. ’ '

_Pre-fieid trip activities will discuss Environmegtal Impact State-
ments, using the one for the proposed deep draft'harbor_as an example.
On-site activities dinclude examiqation of the structure of a ébral reef,

a beach rock bench, and the zonation of marine‘i;verfebrates, as well as

a look at the area to be affected by the proposed deep draft harbor.

LIMESTONE (Reefs a\d_dunes) N

Under the topsoil and sugafcane that covers the Ewa Plain, lies a

Q ) - B6 5’7 IR -

PHYSICAL DESCRIPTION ) - i




fossil coral-algae reef that extends 20.8 km along the shore Yrom Pearl

Arpor to Kahe Point, and 4 to 4.8 km inland at the wider points, cover-
ing approximately 64'SQuare km. This fossil reef and a siuﬁlar one in
Lualualei Valley are presently limestone quarry sites.. Limestone is used
in the manufacture of cement, o

The f1e1d trip site 11es along the ocean, Diamond Head of ‘the entrance
channel to the barge harbor. The sloping heach is made primarily of
calcare9us sand. A "beacﬁ rock" bench is a prominent feature at the
seaward edge of the shore, while large chunks of fossil reef 1ie exposed
along the beach. 8roken pieces of the beach rock also lie exposed along
the beach. ‘ ‘

This site has a westerl} expﬁﬁuré,‘and fs generally calm. It should
not be used if -the suff {s high on this side of the island, If the maring
1ife is to be studied along with the fossil‘reef, a 'day should ‘be chosen
when the maximum Tow tide is 2ero feet or less. If only the fossil reef

. 15 to be studied, a low tide af one.faot or less is adequate.

~  Legend:

A is Beach
Rock Bench

B is Chunks
of Fossil
Reef




BI0LOG ICAL DESCRIPTION

The beach rock bench provides a hard substratum for the attachment
of marine i"VGPEEBP‘tes ‘This bench can be divided into 3 habitat zones.
While the bench is pitted witﬁfsﬁall depressions, there are.no large
tidepools or rocks to offer protection to the legs hardy species, and
‘the animals living here'are all well adapted to a rigorous life-style.

This bench is relatively narrow, and the zonation of different species

across it is striking.

TOPIC 1: ENVIRONMENTAL IMPACT STATEMENT -~

This section iqcludes a summa of the course of events surrounding
the acceptance of the EIS f°f a pfoposed,Barber ] Pgint Deep Draft Harbor. .
It explains rby example what—ﬁ EIS is and hoﬁ'it is useful. Activities .
‘include discussion of this example, an on-site inspection of the area

to be affected, and the development of an EIS as a class-designed project. -

An environmental impact statement, or EIS, is a written
report which describes what may happen to—the environment
shouid a project be carried out. For example, an EIS for °
a new power plant would discuss air and water pollution,
effects on marine life, impact on fuel resources, economic
and social benefits/costs, and long range effects on land
yse in the surrounding area.

(From EIS Handbook: A guide to Hawaii's requirements and
process, by Ray Tabata, UH Sea Grant College Program)

. Campbell Industrial Park is a planned industrial area which provides

an alternative to the crowded and congested conditions of Honolulu. Its ¥

location, 22 miles from Honolulu on the flat Ewa Plain, ¥s a good setting

. - u
”
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for an industrial park. The coral ground provides good grading ahd drain-
age for building. It also has an excellent 1pad-bearing capacity. Smoke,
dust and other odors from the various industries are carried out to sea

by the tradewinds.

¢ Pacific
Ocean

Malakole
Road~

»

The Park has a small barge harbor which is proposed to be expanded
into the Barber's Point Deep Oraft Harbor. Controversy surroueded the
proposét for’this harbor‘ 'qunomists pointed out that the site would
satjsfy the economicelof today, and the future needs for container cargo
facilities. The site is also apprOpriate in view of the Hawaii State
government's plan of a “directed growth policy“ toward leeward Oahu
However, opposition to the harbor has’ been expressed due to the potential
ad‘£r5e effects on local plants, animals and historica] sites,

horization falls under_ Section 301 of the River apd Harbor

Act. The & thorizing document was Pub11shed on February 25, 1965 and
provided thel justification for the project. The Army*Corps of Engineers
did model studies in 1967-68. Through these studies it was decided tq,t
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a trapexoidal shaded. 38 ftn deep, 77 acre basin would be the‘best layout
for the harbor. Since almost ten years had elapsed since the original
studies, new studies were required to re-evaluate the project and to
reaffirm the need for the harbgr. .Emphasis in these later studies was
placed on present and projected navigational, economic, social and
environmental conditions. A draft Environmertal Impact Statement was  «

;'preparedhand”snbmitted-on April 12, 1976. With its acceptance, detai)
design studies were begun. The final Environmental Impact Statement with
comments was completed December 7, 1976. ) -

The EIS contains a brief project description which includes maps of
the area with and without the proposed project. The site is described as
a dry coastal area 1°C1fed on an‘emerged ancient coral-algae reef. Water
quality, chemical analysis and bottom characteristics were all surveyed..

1

A bdténical survey ;evealed that the area contained the usual dry land.

vegetation with one significant addition. A plant be11eved to be ¢

extinct, Eyphorbia skotfsberdii var ka]ae]on Shenff was fbund on the

/ ,
edge of the federal harbor limits jn the area to be deve]oped into shore- v

side facﬂitie’and also on the privately owned land adjacent to the
harbor Slte Sin!L its discovery it has been proposed for placement on
the endangered species list. If accepted, it will be one of the few
plants in the U.S, to be Tegally declared endangered .

Wildlife surveys turned up only feral dogs and cats, mongoose, house’
mice, and rats. The?mmt prevalent species of birds were the barred and
spotted dove, and, with the exception of the Black Erowned leht Heron,

all identified species were introduced rather than native bids. The area

was fourid not to be a major nesting ground for any particular species.

M
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The draft EIS and ??Qal comments were published in July, 1976. Many
federal, City and Eounty, dnd;private agencies reviewed and” commented on )
the EIS. Most felt the draft was aflequate. Negative comments centered
around the flushing characteristics of the harbor, plans for disposal of

the dredged reef material, destruction of archeological sites and destruc-

tion of habitat for the plant Euyphorbia skottsbérgii var. kalaeloana

Sherff. ; )
/s P

A supplement to the EIS was prepared in conjunction with post-autho-

rizatfgﬁ detail design studies. These studies dealt with some of the

concerns that had been raised. A Cultural Resource Study was done, and-

-

27 sites were excavated. Not only weré significant artifacts found, byt

Tqrge quantities of bigd bones were also found. The bones are from extinct

b

species of bird§hinc1uding a flighfless goose, an eagle, the largest

finch-beaked bird from Hawaii, a raven, long-legged owl and a flightless

rail. The study found that the area is archeolog1cally important and

eliglbie for nomination to the National Register of Historic P]aces Work

"*in this regard is being co-ordinated with the State Historic Preservation

Office. All sites affected by the harbbr will be salvage&hbefore con-

. struction begins. None of the sites recommended for further studies are

directly affected by the har@or, but 11 sites are very élose to_th@fﬁ;;;;;
gimits. —ThESe sites will be salvaged before constructi;n.‘ The’gtate
will be responsible for further salvaging an& recovery of sites tQPf will
be affected b; construction of shoreside facili&ies._

Results. of additional botanical studies recommended the inctusion .
g,vskottsbergii var. kalaeloana Sherff on the endahgered species list.

The state would have to insure adequate protection of the plant with &

\ .
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buffer zone added to assurg¢ protection. The area would preferably be one

where the plant is growing naturally or, as an-a]tengative, would belan

_area with suitable conditions to assure continued survival of thehspecies.

In addition to the reconnaissarice study, axrecovery team was sent into

éhea to learn as'mugh as possible about the plan;, its distributjon and |-

' propagation. ' . ' . -

- - *

Oonsideration of potential flushing problems and solutions were also
part.of the detail design studies. These problems were discussed with’

the Department of Fish and Game and other wildlffe agencies Concern

centered around circulatlon, flusElng and potential eﬁtrophlcation., it

*Was cohcluded that the residence time, the average time a parcel of

“water spends in,the/ hasbor, of the deep draft h;pbdr qduld be signifi-

cantly greater than that of the existﬁng be;ﬁe/hanbor. Fresh water

seepage’ fFrom the groundwater, 1ens into harbor would increasé the .

level of the nitrates in the‘h& r. -*hls 1s a consequence of percolati

1nto the grodndwater of sugar caﬂt irrj gatlon tailwaters contalnlng

lnorgah1c fertilizers. Phosphate,' her"ﬁtr1ent present in the ferti- :

lizer, was not present in the ground water. ﬂ{f the two compounds were .
both seeping into the harbor, they would tause the level of algae growth

to increase greatly and eutrophicatiohl&ight occur. Eutrophication is a
* | »
process generally resulting from excessive increases in mineral -and '

.« -
orgdnic nutrients in the water. The net effect is a stimulation of a]gal

growth. If f]ush1ng 1s .poor, the algae accumuiate and the oxygen’ demand -
™

resu1t1ng from decompos1t1on and respiration at night reduces the dissolved'

-
This can seriously affect resident anqmal life

4

oxygen in the_water%

and in extreme cases, like the Ala{Nai Canal and occasfonally Pearl Harbor

B12 i o




can cause fishkills. However, since the, algal stimulation woﬁld require

both nitnogen‘and phosphd?us and since the phosphéte was not appearing

~in the giiynd water entering the harbor? it was determined that this
‘would not occur, and that the e{fess nitrate wou]d be flushed into the
offshore water. However, it was determined that the water quality would
deteriorate due to the increased fl:;hin§ time which would permit an
incrkase in the accumulated a]gﬁl biomass in the wafer regardless of .
supplementary nutrient‘inputs. Turhidity of the water would likely
increase, and normal harbor opérations would stir silt from the bottom
as well as contribute various petrochemicals and industrial wastes to
the water.

. The §upp]ementa1 report{a]so containe¥ a Shoreside Facilities

‘ Development'PIaﬁ: This preliminary report was submitteq‘with the recom-
mendation that the plans be dealt with'in future separate documents.

The final EIS and Oetail Design Studies were approved and construc-
tion pof the harbor should begin shortly. The economic value of the
harbor can not bg{ov;rlooked A considerable amount of t1meband effort
has been spent assessing this ,value and f1nd1ng adeguate so]ut1ons to
the concerns rafged by many people. ,Archeolog1ca1 finds and the Tare

' plant will be protécted. Although the EIS process is 1;ng and involves
some costs, the procqss insures fhat decisions affgcting the environment

will not be made solefy on economic considerations, but will igvolve

thoughful Gonsideration of the environmental impacts.

<.




Feabruary 1979

. \Howul'lcmmum

Page 11

State requests harbor land use change

With the approved shoreline fpan-
agement permit in hand for the pro-
posed Barbers Point deep-draft
harbor, State planners have
requested the upzoning of egricultu-
ral land to the urban designation

" needed to begin the project.

* The Department of Planning and
Economic Development (DPED) filed
the required petition with tha State
Legd Use Commission in Januery.

The petition involves 166 acres of
agricultural distritt land surrounding

the harbor site and represents a°
majos - step. towards finelizing the

Stete’s plans for the $96.2 million

harbor complex.

No hearing dates are yet sleted for
the land use petitien, filed by DPED
“on behalf of the sponsofing Depert-
ment of Transportation.

If the petition receives approvel,
the US. Army Corps of Engineers
will undertdke the initial tesk of
dredging the harbor.-and stockpiling
coral materigl at the project site, at
an estimated cost of $43.2 million.

Federal funds will provide about
8$41.3 million withthetemeining 4.4
percent of the cost for initial harbor
dredging to be funded by the State,

The State will paythe entire cost of
about $53 million for construction of
harbor facilities. The projected year
of completion is 2030.

Department ol Transportation
planners have spread the construc-
tion over three phasés. The first uns
from 1980 through 1994, when most
of the major facilities will ba inplace.
with improvemenis added in later
phases.

‘The special management area
{SMA) permit, also calted a shoreline
management permit, was grantad by
the Honolulu City Ceéuncil n
December. Some Honolulu planners,
though, had objected to the project
because of threats 10 two rare plants
{Euphorbia and AchyrantBes
speces). -

Experts have not yet determined

_whether these plants could be trans-
plamed successfully glsewhere, and

Honoluly Departmen{ of Land Utih- .

zation officials recommended the
denial of the permit on this basis
4

Dther points reised concerned the
impact of the project on recreationael
boating in the Berbers Point ered. A
private boat ramp is now located in
the present berge harbor st tha pro-
posed project site.

Howaever, the petition for the land
use change includes @ section writ-
ten to demonstrete how the project
conforms 10 the objectives and poli-

- ties of the Hewaeii CoastalZone Man-

sgement Program:

‘e While experts investigate
whether of notthe rare plants can be
relocated, the Euphorbis colonies
will be fenced off from the surround-
ing harbor area. The Achyranthes
plants will not be disrupted by the
project, the petition stetes.

+ Tha State will plan the construc-
tion of @ public boat launching ramp
and other park facilities, ~if such
proves practicable,” the petition

states.

Council members approved the
SMA permit after daciding that the
issue of trensplanting the plants
could be resolved in later planning
steges.

About 300 acres of lend was sol
1o tif*Grate by the Campbell Estate.
The agreement of sale provides that
the Stete will give the estete about
80 percent of the proceeds obtained
by selling ebout 10.6 million cubic
yerds of coral dredged out of the her-
bor site.

According to the project’s environ-
mental impact statement (EIS) pre;
pared by the Department of
Transportation last June, the effect
of the harbor proposal must be
viewed in the context of other related

* plans to urbanize the ‘Ewa area: ,

. *The Campbell Estate plans a
12,000-acre urbant developmenit to
aeccompany the herber, including a
city center, 43 residontial villagés, a
marina and a resort.

» Expansion is slated for the adja-
cent James Campbell Indusgtrial Park,
with the possible addition of ‘75,
industrial firms and water trenspor-
tation operations .

Honolulu Herbor. Evaluations of
alternate sites. including Pearl Har-
bor's Wast Loch end Kane'che Bay,
have led them to conclude that
Barbers Point is best suited for this
purpose because of is proximity to
Cempboell Industriel Park.

Stete studies inditate @ generel
shift in population to the ‘Ewa area
and an increasa in cergo traffictoand
from Hawai‘i by the time the pro-
posed harbor would be opetating
neer the year 2000,

State pianners have pointed to the )

need for a second major harbor facil-
ity to suppiement the operations in

k]
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" Harbor plays part in growth prospects

‘k_

)

Map, indicates

agricultural
®A8T jcultural srea thet would
he redesign-
@Urban o5l #ted to urban
_ p— 3 should & pand-
R o X Ao i ing State Land
' Use Commis-
. d E / sion petition be
. \L - V » ’mv‘d
. -
]
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Activity I - Pre-field trip
Obdect{ve: To learn what an EIS is,
-Procedure: "Explain to the class what an EIS is by using the example
Provided. Questions that could be used to start a class discussion are:
l; Do you think an Environmenta] Impact Statement is useful? Why?
” é.l Many people fish and co]lect 1imu near the deep draft harbor
51te Do you think harbor constructfon and operation will
affect the marine life and therefore these people s co]]ect1ng
and fishing? r
3. What are some of the economic benefits that will come from this

proposed harbor? "

. 0o plants, animals and archeological sites affected? th?

!

Activity Il - On-site ‘
Objective: To see the erea affected by theyproposed project.

ﬁnocedgcg: Make copies of the maﬁs showing*how large this project will
be compared tn the existing barge hafbor, and give them to the students.
Go“to the existing harbor first to see its size, thenwalk down the road
the way you Jrove in, past the large white tanks. When you reach the
road turn left and walk about 24 meters until you see the opening to the
quarry on your right. The quarry is where tne harbor will be, }ndrit
will be about the same size. Limestone from this quarry is nse(f to make

< -

cement,
Activity I1I - Post=field trip

Procedure: Obtain a copy of "EIS Handbook for Hawaii” by Richard J.

me © 60,

4. Do you think the economic benefits are more important than.the

Objective: To involve students in the EIS approval process. ~ . )




[ l

-

4

¥

Scudder, available from the Of}ice of Envifonmental Quality Cdntrol,
“550 Halekauwila Street, Room 301, Honolulu, Hawaii*96813, telephone
“548-6915. - , . 4 A

After familiarizing the class with the EIS process, divide them into
special interest groups, incluaing develdbers, architects, economjsts,
conservationists, biologists, fishermen or whateveé seems appro?riate.

-

Have the developers design a project in an area that,everyoﬁglis familiar
with. Architects or artists can draw the layout of‘;he project. Im-
partial consultants can write the EIS, comments from the community (class-
room) will follow. Continuing in ‘this way, as outlined in the pamphlet,
you will go through the EIS .process to either final acceptance or
rejection. i

&Another alternative is to allzw your class to become involved in
the process by having them cOmmenf on an actual EIS. This can be done
by first calling the Environmental Quality Commission at 543-8915 and

t

having them put you on their mailing list. The £QC bulletin publishes -

, 4 st of all the EIS's that are available~for public review. Limited

" «copies of each EIS are sometimes available at the EQC office for indivi-

.dual use. Their office is at 550 Halekauwila St., Room 301. They are
also available at public libraries. The cla;s may readi di s, review
and then submit cmmméﬁtijpn'the EIS. Follow the guideline in the EIS
Handbook. Class comments ghould be sent to the address specified on the
individual EIS. Bg law. the EIS preparer must respond to all comments.
IIn this way your clas; will have actualiy participated in the governmental -

process concerning EnvironmentalmImpact,Statemeﬁts. This activity will

. be most beneficial if you comment on a proposed project in your own area.

67 <
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these exchanges can’take place internally, requiring less é}fort on the

| L _ -

f
. N “ . |
. -
0

TOPIC 2: (COMPOSITION OF CORAL REEFS AND BEACH ROCK \ ®

This section 1ncfudes a description of the processes involved in
7
the formation of coral reefs and beach rock. 'The class should be famil-

1arized with these processes before the field trip so that they have an

L]

idea of what to look for.
Coral Reef
The large chunks of fossil reef along the beach were removed during
the excavation of'the barge hafbor. They offer an unparalleled opportunity
to actually see a cross-section of a Hawaiian coral reef. However,
certain background information is necessary in order to understand the R
story told in those reef rocks. ' {
A living coral reef, one that is actively grguing, is always found .

in shallow, sunlit water. MWhy ‘is sunlight so important'to corals? Corals

; {
" that grow 'Iar'ge and fast and build reefs contain many s1ngle-ce11ed plants .

within their tissues Sc1entlqux?e11eve that the plants within the
coral and the coral tissue exchange important substances whith help them
both grow better. Nhen plants photosynthesize, they produce oxygen,
sugars and starches. When animal tissue resp%res it gives off carbon’ |
dioxide and other organic compounds sych as nitrogen. Plénts can use
animal waste products for growth, and animals car yse plant products for

Y . |
JtheTr growth. When the plant lives within the tissues of the anfmal, ,

part of each. This type of mutually beneficial relationship isptermed
symbiosis. Since ﬁ]ants reguire suniight for photosynthesis, the corals
which contain plant cells in their tissues must live in sha]iow. sunlit
waters if they are to derive benefit from these 1iv€-in p1ant§. W

Not all corals are symbiotic with plants. Those that are, are .

s

TN B1&




- called hermatypic (herm f4zypport, typic = type} or “"reef-building"
. corals. Those that do not contain symbiotic plants are called ahermatypic
(a = ﬁbt). They can live in deepér rker, colder waters. The tiny
plants wfthinlreef—bui]ding corals are single-celled algae, Ea]]ed

hY

zoo:_cgnthel]ge (zo-zan-THEL-ee; zoo = animal, xanth = yellow, ellae =

little ones). #An early biologist thought they were single celled animals
rather than plants, and the name has not changed since tﬂat time. Zoo-
xanthellae give much of the brown cotor to corals, although many corals
have other pigments that can hide some or all of the brown.

Hermatypic, or reef building corals, are able to grow very fast {up
to 10 ¢m per year for some branching forms}, and this if impoftant in

+ the formation of a.reef. These corals produce the hard calcium carbonafz .

framework of the reef. As old corals die,'new corals grow over the top,
‘layer on layer. Coralline (hard, like co?a]) algae aré marine plants
which also secrete a hard, calcium carbonate skelefon. These help build
the reef ané cement it togefher, and they too groj layer by layer.

As wave action and sté}ms attack the reef, pieces of corals and
algae are broken off and ground into smaller par1ic]es. Marine animals

die and their hard {he]]s are ground up into smaller pieces. Other

. > marine animals bore, eat, scrape and dissolve fhe reef framework. The \

bfeaking d wearing away of the reefsproducey sediments, loose sand,

gravel an{ rubble, from the eroding framework

These sediments may be ,

redeposited "the reef and cemented to it, May help build a sﬁndy beach,

or may be totally dissolved in the sea. -

L

In combination, the framework of the.corals, the bulk of the

A sediments, and the cementing action ‘of the coralline algae, allow the
. reef to grow. It grows most vigorously where it receives the most wave
63
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action and lightd and this is usually at the seaward edge of the reef.
The seaward edge is also the place where the erosional forces are the
greatest A healthy reef will build faster than it 1s€eroded away .

-

Beach Rock .

Beach rock is believed to be formed when sand is in eentact with
cold ground water. This‘co1d:freshwater partially disso]ves the calcium
carbonate in the sand, which then resolidifies iﬁto;a so}id mass. Seep-

- /‘“‘\‘_/
age of underground freshwater is plentiful at qme proposed harbor site.

ACTIVITY IV - On-Site
Objective: To determine the composition of the coral reef and beach rock.
Prooeddre: Before the fleld tr1p‘students should make rigid wire frames
for this activity. Use any stiff material, and shape it into squares 10
" am. on a 51d;\% Place this wire frame on a section of the exposed fossi]
reef. (The fossil reef chunks are on your rlght as you face the ocean)
Try to recognize substances in the reef rock. The following descriptions
should help: " : ' Do
1. Shells - usually broken pieces.will be embedded in the reef rock.
2. Coral - large and small pieces of coral can be found in the rock.

o
. Coral is always porous, or dotted ‘with hples. In some kinds of

coral the holes are as. big as the tip of a pencil. In others
fhey are‘as fine as pumice rock. Coral may be white or gray.

ane you have seen a few pieces of it, it is easy to recogni ze.

Y » . .
* .Some corals are in chunks, others are in (6 mm) layers. This is

L

because some corals are. encrusting: thin an‘ flat, following 'the

s
' h,«*"//} contour of the rock. * But even these thin layers have many little
holes. ) | .-'6{{ .
. \ k
7
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3. Coralline algae - step back from the rock a few paces, and look

for evidence of a wavy or swirnly pattern in the rock. Once you
find this, look very closely at it. Can you see paper thin to 3 m
thick layers of a hard, white'substanceé If so, this is coralline

algae. If the layers are %" fh%ck and have holes, it's'encrustfng '

LY

s
cor

4. (ther materials - deposited sand is easy to recognize, but mud

layers are usually not. If you can't recognize whatﬁsomething is,

just label it "other".

" Everyone should have a chance to Took for these different substances in

the reef rock. As a student recognizes a material he/she could show it to
the others, until everyone is familiar with the elements: in reef rock.

r;:\;he same activity using the beach rock. (This is made of just.sand.)\

~ by

ACTIVITY V + On-Site
Objectivg:' To quantify fhe material in reef rock.
Procedure: Before the field trip students should make 10 cm. square and

string it with thread at 2 om. intervals on both sides, to form a grid,

. On sifé, place this grid on the reef rock. Write down how many squares

each matetial fills. Each square represents 4% of the total area.
Students should then figure the percentage of each material in their

sample so that the total comes to 100%.

.
.6 squares of coral = 24%
7 squares o: She]}li : = Eg:
12 squares of coralline algae =
. T00%
-
.{}E; ~
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class or on~site, add up everyone's percentages of each
basic material/, thQQ get an average percentage of each., What is this

coral‘reéf stly maﬁe of (besides ﬁother")? Could it be better called

a cora]-a]gae‘reefz Hawaii's ree}s have a very large percentage of

coralline algag in them, more than true tropical reefs which have a

¥ -

gr'eéter' percentage of coral. 3

-

TOPIC 3: ZONATION OF MARINE INVERTEBRATES CF N

»T' section includes an explanation of the major environmental
Factors responsible for the distribution of the marine invertébrates on
the beach rock bench. A short identification of the common animals is

included, and a transect is used to determine the zonation patterns.

‘Zonation

. ..
The beach rock forms a solid platform which begins at the high tide

level and slopes towards the sea. It bears only small depressions over
its s e. Tt is alternately covered and exposed by the dai}y tide
chang::£:Id is-also subjecg;d to wave bat}ering. Animals Iiying there”
must be adapted to)attach firmly to the hard substrate, so as to not be
washed away. There is little in she way of crévices or tidepools to hide
in, or rocks to hide under. Differences inyanimal populations across
this bench can be attributed to varying environmental condi tions rather
than variation within the bench surf;ce. ¢

Zonation means that plants or animals will be found in predictable
places based on environmental conditions. The beach rock bench at this
field trip site is guite narrow, and yet can be divided into three major
habitat. zones on the basis of: c:gx

» A A
“

%
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1. Amount of wave action each part of the bench receives;

2. Amount of time the different parts of the bench are
exposed

-

The three habitat zones are:

1. The upper intertidal (leftvexposeﬂ at low tide);

2. The intertidal (not left exposed as long as the upper
. intertidal and not subjected to as much wave battering
as the subtidal); \

3. The subtidal (exposed only between waves; subJected to
constant wave battering).

Animals I{ving in the upper intertidal are'le%t high and dry during
low tides, as only sﬁa]] depressions in the rock surface bear water.
Strong sunlight causes the bench surface to heat up and the syrface water
to evapOrete, inéreasing the salinity #n the remaining water. Rain may
cover the area with fresh water and rapidly decrease the salinity. When
" the tide is high, thts area is washed by waves. Anima1e 1iving here
- must be very adaptable They must be able to withstand wide fluctuations
in salinity and temperature and must be able to cling to the rock.

Animals tiving in the intertidal receive more wave acgiin than those
“in the upper-intertidal but do Lot need to be so adaptable to‘ﬁha;ges ~
in salinity and temperature

AnimaJ; in the subtida] are c0nstant1y being battered by the waves.

Lo ey
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They don't have to be as tolerant of salinity or temperature changes, but
must be able to stand the constant beating without being brokem or washed
away.

Discuss these ideas with the class before the field trip. Perhaps

) -
they can think of other examples Jf zonation and the environmental factors

causing it. o TN -
- ‘ \,‘% .;_l"“-

ACTIVITY VI - Op-Site " . ‘
Objective: To understand the concept of zonation by seeing an example
" of it.
.Hateriils: .
1. Three 15 meters (about 50') lengths of iight rope {clothesline
r;pe is gdbd], weighted at each end, and markgd with Waperproof
i“k.if 2 meter intervals. | l
”g. Dne clipboard with paper and pencil fpr each group of three

students.

3. One rigid frame % meter on a side for each group‘bf three ~

students. - {An expanded metal coathanger makes & good ‘Frame. )

4. One copy of animal identification materia) for each group.
Procedure: First, CAUTION STUDE&TS‘BEFDRE_THEY BEGIN to be very careful
while working in the a}ea near the waves. Supply each group with a wave
spotter. ‘ |

Place the transect lines across the beach rock bench. One end.stGuld
be in the water, and one end on the sand. The f?;e sholild be without,
slack so it cuts a straight line across the bench. Divide studepis into
groups of’thtge. Each team of three will do three aref% along a t}aHseet

line. Students should familiarize themselves with the animals they will %%




Lol

. see by using the identification sheet provided in the appendix.

Instructions for students

* M. Begin at the ocean end of the line. BE CAREFUL.

2, Place the wire square on the line so that -the 2 meter mark is in the ‘
. middle of thé‘“fr-ame. Get as far down as you can towards the waves
i without endangering yourself.
. 3. On the paper, write “SIJ;«MP_LE 1", Next to this write the number and
- ‘kinds of animals that you counted “in the square. ‘Use the identifica=-
tion sheet if you don't krlow what the animals. are.
A&, Move mauka on the line, write "SAMPLE 2" for the next mark, place
the square over the line with the mark in the middle and count and
record the animals here. Do this for each mark on the line until
. ; . you reach the sand. \ v
/ s;nd ?weight r—— — .
PREEE Somple I & spiny
}._ | T . urching
‘ .tr‘::::ct J %am-!e? ;m.:fl;;:hwm :
. 2 chitons -
) ZBIackdmfo
R ~
ocean =~ —— ——

DISCUSSION
| After each grouff of three students has done a complete transect of the
‘ . beach rock bench, have a discussion of what they saw. Did they see |

. . B25 ,
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. _ p

examples of zonation? (Animals living ﬁn one par% of the bench'and.iot
_on other parts.) Hoy Wide'Was each zone? Which animals were zoned?/”[j

: ¢ A
What kinds of adaptations-must these animals have in order to 1ive where

they do? Oid hnyone notice that the spiny urchins Tiving in the wavey

'y

battered area are all embedded in pukas? Why might they do this? Do S

you know how the different animals hang on?.” (You could spend.some time °

with this one., Students could collect a couple of each kind of animal

and try and figure 6ut how it hangs on. Sea ‘urchins use “tube feet"

which have small suction cuﬁs. Mol]usksfhave a singie ﬁLscu}ar foot.

Sea anemones have an adhesive area. Mussels have stnnérsticky threads.)
- ' "ii

) . o . .
TOPIC 4: CEMENT: ITS QRIGIN_AND MANUFACTURE

This section includes a brief summary of how the coral rock is made
into cement, and informatiiz on how to tour the Kaiser Ceﬁent Plant in

'-I:Ealualyei Valley. ~
Lement T
The fo;s¥1 reefs of the Ewa Plain and Luﬁ]g@lei Valley are quarried
for use fh the making of cement. There is a quarry ;ite just mauka of
the b;rge hérbor (it's on your_ right as you turn off Malakole Road to get
to the field trip site} and a cement manufatturing plant Tn Lualualei
Valley. : ~ L
Cement!.is made from a‘mixture of célcium carbonate (CaCo3), silica,
iron ané éluminum. The cement plant uses fossil reef fock for the cal-
cTum carbonate, Australian sand for silica, and basalt from nearby Easalt
quarry si%gs for iron and aTuminum. ‘oo .
' ’ The coral is crushed and mixed with the other materials and water
> untfl it is soupy. It's then put into a kglnland heated to 2600 degrees F.
. ‘ .7?9 o
; h
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This takes 2% hours, and‘he;}s the material Jjust to ;he me]ting point,
This chemlcally combines the materials, and when it comes out t's dark
'\*hard rock ca]led "Klinker". The K11nker is ground up, ‘and ‘that's cement
b Cement is bought by businesses like HC&D and Pacific Concrete and
ROCk co. (PCR) that make and sell concrete. They mix cement with sand and
rock td'make c0ncrete for construction products.: Anyone can buy cement —*

»

at a hardware store and make concrete.

Kaiser Cement Plant Tour - y .

| The Kaiser Cement Plant in Lualualei Val]ex is-willing to tour a
very limited number of school gqlggs‘througw their faFilities. Interested -
teachers should write to Mr. J. Gifford, PTant Manager, Kaiser Cement and
Gypsum Co., P.0. Box 2072, Nenakuli, Haéaii 96792. He'requeste thet ‘
teachers write at Ieasl two weeks aheadhof time, let him know the date and
time they would 1ike;rand the number and ages of the,students (he requests

not more than 35 students). It is necessary that the students wear shoes °

and be accompanied by one adult for each {0, students. They can only
. :

handle one of two tours a month.

ACTEVITY VII - In-Class *

->

) thle ‘on the field trip mention that the fessil reef is used in the:
making of cement.ﬁ Back at class ask the Students if they know how it is
used to make cement. If nd onelknows, hgye}them-reSeafch it Father than ’
te]ling them. If you'ee both brave and creative you might think of a
reason to make concrete in class* Does a cement plant seem like a good
1ndustry for Hawail?» Why or why not? . 2 4 |
*Molds can be made of a mixturetof 3 eerts sane and 1 part cement. ro

_\\\;\ \ ' s s : -
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. Appendix 7’ . o
. 4 . . . .
IDENTIFICATION GUIDE FOR TOPIC 3 (ZONATION) ACTIVITIES: . '
: . >
Sea urchins _ ’ /
&4 ) .
1. Echinometra mathaei--spiny, light colored , .o ’
sea urchin (ina); 5-8 em (2-3 in.) across. = .
Echinometra oblongata--spiny, black urchin; -
*65-8 cm (2-3 in.)..
v '
*” = '
/ ) '
. -Colobocentrotus atratus--flatfened purple
sea urchins (ha 'uke 'uke); 5-8 cm (2-3 in.)
across. _ _
o \
" Mollusks (snatl family) = Ty - ‘

Acanthochiton viridig--chitons; 2.5-5 cm \
{1-2n.) Tong. = ] ( _

*

Moula ranu]ata——knobby black shells;
-2 om {1/2-3/3 in.)" across.

5. Drupa ricina--wh1te shells with black bumps,‘
S (1/2 3/4 in.) across

} ‘ \\/ T N
! . =0 .
TN N
* - 5 , . l
\ b an
- - » . -
Q . h . v
E MC t ) - B28 * . .




6. Littorina sp,--periwinkles have patnted -
shellg and are ‘d&ua]ly gray; 1 cm (less *than -
~ % in

) .2 .

7. Nerita pecea--nerites (pipipis) are round ahd
ack; (less than % in.).

8. Unc]assiﬁea--ti‘;ly-dark shells Tive in large
aggregations; 0.3 cm (178 in.).

%

N
9. Varfous species of sea anemones may be open,
"with tentacTes out, or closed and covered
*with sand. They feel soft and spongy and
contract when you touch.them.

L

=

-

}|0. Cypraea caputserpentis--snake's head cowry;

-
.
w ' ‘ 1
-
.

11, Various species of hermit crabs live in dis-
. carded snail shells:

{See FieldsKeys to Conlnoﬁ Hawaiian Marine.
Animals and Plants pp. D1-6.1.

Plas

brown with white spots on top; 2.5 am {1 in.).

Ww .




12.

L

. ) R |
Siphonria normalis--false opihis ave whitish
cotored; about 1T cm (% in.) across.

m.:hidtgntes crebristriatus--mussels are

black and grow together in a mass, or bed.
They attach firmly to the substratum. Each
mussel has 2 shells.(1ike a clam)., Mussels
are-about 1 cm (1éss than % in.) in size.

-
»
+
‘f
EY
\ LY
3
-
¢
.
iy 0
. Rl S
|
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%
“ FIELD TRIP IId - HANAUMA BAY
. Inst;gggjopal foals
When faced with decisions concerning the use of terrestrial and
‘;extraterrestrial resources, students.will select practices developed
) ;erecognition of present endvfuture en§1ronmenta1 and human needs.

L

Instructional Objectives

Collect 1nformation about the change of wildlife - LA, Sc, HS,
distribution in this community during the past Student Act, LS
10 to 20 years and develop a public preséntation on .

the tepic. . .

Write a.theme or prepare a speech aboﬂf wi]d]ife LA, Sc

habitat management

Discuss the need for preserv1ng naturatl .areas and - Sc, 88
related legislative needs.

Debate the ‘resolution: “People d8 not need the LA, SS, 8¢, V
great bide heron, timber wolf, killer or humpback .
whale, Hawaiian goose or other wildlife.'

Discuss the use of hunting or fishing seasons or $S, Sc
periodic closing of certain hunting or fishing
. areas to-manage wildlife. "

L]

lnvestigete various commercial fishing techniques Sc: ss, C
and diseuss.their economic and envirommental impacts.

__ Discuss the physical features of the coastal zome . $S, Sc, HS
f areas of Hawaii:

l‘ N
=" *  'Performance Expectations

! Describes }nstruments or methods that can be used to gain information
about environments or change an environment for a desired resuit.

. Conducts simple investigations to gain first-hand informat1on on
environmental matters. «” .

W - ' g




» ) ! J-
-

Integrates information gained from resources with information gained

‘through direct experiences to develop understanding of environmental

matters.

Describes the environmental factors which must bé considered to conduct
varfous recréational activities.

Explaing the effects of- env1ronmenta1 changes on recreational

opportun1t1esa

; Explains the potential effects of changes in recreational actiV1ty

on the environment.

Cites examples of negat1ve and pos1t1ve ways human befngs can change
the environment

Identifﬁes spec1f1c contributions one can make to help human be1ngs
live in harmony with the environment. .

. A

COmpares the aesthetic value of maintaining natural envirdnments with

the need for housing, improved transportat1on facflities, and increased

employment opportu t1es Vd
. . 2

2 a"

Essential Competencies

Re%ch reasoned solutions to conmon]y encountered problems.

DIstingu1sh fact from op1n1on 1n TV and-radic news broadcasts,
advert1s1?g. newspaper and magazine articles, and\E:blic speeches

]
Use resources for independing learning

-,
Demonstrate knowledge of citizen rights and responsibilitjes.
. \ i * | . *
v B LT [N -~
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"
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TOPICS DISCUSSED:
1. WARINE CONSERVATION
2. GEOLOGY OF HANAUMA BAY

FIELD TRIP SITE:

Hanauma Bay is located on the southeastern tip prOahu. It pan‘be
reached by Kalanianaole Highway from'either thé windward or leeward sides
of the island. Signs indicate the turnoff to the bay .

This hbay is a marine conservation district and” taking ‘any marine
1ife, shells or sand o; possession of any nets, spears 6r o%her fishing

',gea is prohibited. ‘ (e

" Facilities include restrooms, showers, a snack bar, and picnic

LY
¥

.‘tables.

-

£ —

Hanauma Bay - - f:s
Beach Park «.;

* N

- -+ ¥
f - . L \l,j
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INTRODUCTION:. .

Hanauma Bay is aM™ell-known Marine Conservation District. It
offers a protected envi ronment where r'esidel{ts and tourists alike can

enjoy the islands’ reef life." It is also of;geold’gic interest; a short

. walk-allows obsefvation of many interesting and easily recognizable geo-

s

“logical fomla_fions.

The “marine conservation" aspects of Hanauma Bay will be treated
as in-class activities, while examination of the 390109} of’ the ateas will

berthe focus of the on-site activities. ~ N

PHYSICAL DESCRIPTION:

"

This small, deep bay is one of.a series of prominent landmarks

. which were formed by geologically recent volcanic erubtions. It is a

tuff cone, the walls of which are embedded with pieces of limestone and

basalt. A sandy beach lies at the head of tiHe bay, while both sides are

hm{ed.by a wave- cut bench. A fr-lnpmg reef protects the inner bay o -
'f{om the force of the waves, and creates a calm, shallow-water environ-
ment. : . |
) 1]
I_3IDLDGICkL_DESCRIPTI'J;ﬁ: -

Hanauma Bay provides diverse habitats for a wide variety 'of reef
er. ) Hat;itats availat;le ;clude rocky shorelines, tidepools, sand
patches, live coral, and shallow and deep reefs with their associated
varied “topography. ‘ 4 -

_ Historically, Hanauma Bay was a popular fishing area. The
'inc're‘qsr.;d ‘fishing pr:essure which ‘a-d(:\qmpanied.thel gi:ov;ihg Dahu -

s 8§).

N,
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- o
population seriously depletéd the resident fish population. Many of. the
» Tish found in the bay were herbivores, or algae eaters. Their removal \_f
had the secondary effect of allowing increased algal growfh.- Since being

designated a Marine Conservation District in 1967, fish popul'ations have

Jincreased markédly and accumu}a’tipns of seaweeds have beean grazed down.

° TOPIC 1: MARINE CONSERVATION

A "Marine Conservation District” is an area where marine life is
protected, and Hanauma Bay was the first such area established by the
State of Hawaii. Hanauma Bay is govérned by Regulation 32 in our state

‘ statutes. }t is stated in this Statute that ‘at Hié;nguma' Bay it is

"uBawful for any person to hook, spear, seine, i
capture, injurey kill, destroy, alter, deface, o .
possess or Temove any fish, crustacea, mollusk, .
sea shell, coral or any other plant or animal '
life, or any rocks, sand or any geological fea-
tures, from the Conservation District. Posses-—"
sion by any person of fishing gear, including,

\ ' but not limited to hook and line, rods, reels,
seines, and spears, crowbar and noxious chemi-
cals, within the Conservation District shal? be
deemed tb be prima fac1e evidence of \no]atiOn
of this regulation.’ .

Further, this regulation states that it is i]legfi to pollute or

contaminate thé waters within the Conservation District! and that "this

. §nc1ud:es depos iing bott]es, cans, ﬁaper gar'bggé food and other refuse, .
washing clothing qncl other 1tems,, bathing animals, and cleaning fish w e ; .
(Hawaﬁ Laws anq\Statutes. 1976). Vio]atlon of this statute is a petty v
misdemeanor punishable by .a fine of up to $100. 00 er a jail term of not
more than 30 days, or both. This law is enforced by "the Department of
Land and Natural Resources, Division of Fish and Game. . o .

. ¢ .} rrﬁjor hindrance to enforcement {% the lack of suffi cient

Co




. . @ N
i personnel. Fish and Game wardens must p"atr-ol the entire State, not only
protecting the conservation areas, but enforéing.a]l fishing regulétioné.
N
. 4
These r‘eguthions include such things as size limits, bag 1imits and

} closed seasons. Illegal fishing methods are also a c?eern of the wardens.

(See Activity I for a slide-tape show available on ouf present day‘lawsf
al " as they relate to marine 1ife and enforcement.) - ™
-- Hérine Conservat'ion'\'D'istricts are estableishéd for a variety of =
_reasons. They preserve and conserve natural ~resdurces for public apprgy

. “ciation and aesthetic en,j_oyment. They assure the survival of marine N 2

— -t

o ecosystems by preventing the shell collectors, cor'al collectors, and

: fisherman from over-fishing the réef. "Mar'lne parks he'lp conser've the

. \-‘9’ )
.@7 resources in a nonconsumptive manner. In add1t1o the prot{ted épEcies .
T \
. within park sanctuaries provide 1arvae and migr-é: for ad’jacent areas :
open to fishing and shelﬁk (Hawan and the Sea, 1974) '

The power to establlsh a Conser'vauo\n;ﬂ'lstrlct Ti Wwith the Dept of
sources under Chapter 1980 of Jhe Hawan ReVIs}ed e .

Land. and Natura]

b=y K
lations r'egar'dlng :broposed conservatlon Qrekare ‘drawm up, |

. % ~ Statutes. Re

putilic arings are held, and fma]]y; the' Gover;for- s approval is ‘needed J
There are no objéctive written po]ictés for }He selection criteriad how-

e'ver -abundance of 1ife, clear‘“dater- and 9dmpat1ble use mith the adJacent e
)on. The e/d ?‘Padmtwnal s ;

Waﬁds are [8ssential factors in site se] C
o COpservati on Districts and criteria
Hshed by William J. Kimmerer ang/l\!oodrow W. Duf‘bln Jr. in the pamphiet -
. ‘entltled The Potential for Add)f/tmna] Marine Cons®rvation Districts on '
. e 7 Qahy_and Hawan Th;.s pub catwn is available thr‘ough Sea Grant and at —~— -
- most of our local hbra es. K'ilrlner'er‘ a Dur'b'in (1975) set upﬁ sefec- ’.
. T VA

/ 1
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tion criteria system composed of 3 categorles geography, physical
]

oceanography, and marine life. These areas were broken down as fo]loys:

1. Geography -

eEase of defenition of area boundaries for recognition

*

b

and enforcement
eCompatibility of the present and blanned use of the
tadjacent tand with a marine park
sAccess to thé shoreline from existing roads

v

‘sAccess to snorkeling and diving ;reas from the shore

2. Physical Oceanography

. AN
eExposure to seasonal surf .

-

oExposure to trade winds and waves

eCurrent strength

PR

sUnderwater visibility ¢
edater temperature . -
3. Marine Life ) !
. y; . .
eAbundance .and diversity of fish /
sCoral cover and diversity N~ )

! eMbundance and diversity of large motile invertebrates.

From their studies they recommended Kahe as a first choice for a

new;JQiine Conservation District if a new beagh park 1s,estéblished‘there,

and secandf;. Pupukea. Studies conducted By the State Deﬁhrtmént of

‘Planntng and Bfonomic Development and puG?ished in Hawaii*and the Sea

L ]

' (1974) made similar recommendations. Part of "Wai kiki was added as a

third choice. - S |
- -
Permanently c]osing an area tg- fish1ng 'ts not the anly way to pro-
. e s . . U 4 ‘/
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-

i 'when‘§h1y hook and Tine fishing was allowed. 1In 1981 all Tegal fish-

’ but rather a “Sboreffne Fisheries Management Area”,

Seawarﬂ to 500, yard mark .

Bd

»
¥

tect it,.and several syst" of conservation have been suggested. Period-
ically closing an-aféa’and backing the closing with strict reinforcement
unfil the area rep]enishes itself is a possible solution. Rotating .
conservat1on areas on @ 3 to § year basis or limiting the 11fe of the
district to 10 to 15 years has also been suggested,

On July 1,.1978 part of the Naikiki reef was closed to fishing for

»
This area was not called a "Gonservation District",

a period of two years.
-It-was an experimental
approach to resource management and part of the state's "Kapuka Plan”

(Kapuka = to restore life), The area affected rdn from the Diamond

N ﬁead light house to Kapahutu Avenue and extended from the high-water mark

*

. - - .
{Sée map) A1l ffshing was prohibited until 1980,

1

ing methods was permittéé Limu picking was not affected by the

fishing ban, but coral harvesting jis prohibited permanently. .-

Kapahylu Ave
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Ed . » .! R L] L] L]
re ,ﬂ/( ancient traditions xoncernlng marine conservation;

Closing an area or establishing it as a conse¥vation district does
not please eVveryone. Environmentaljsts and those who fish are often in
direct conflict. Naturally, anytd’ig that affects a fisher's catch is
threatening to his/her 1#velihood. However, oﬁly through wise conserva-

tion measures is it possible to save some of the harvest for future

generations. ‘ J . .
I I3

ACTIVIT:\i -\In-CTass

Objective: To understand thq}past and present-day methods of conserving

" xj
marine 1ife in Hawaii.

L)

Procedure: The Sea Grant Marine Advisory Program has two slide-tape shoy@»,‘~ ‘
available to teachers. The first one, "Ancient Hawai'i in Harmony with

the Sea", discuﬁses the traditions of the past. The second, "I'a of

-

Hawaii, The Present Day Kapu", discusses predent-day fishing regulations.
. £ s
\\(9 arrange for these slide shows “call Sea Grant Marine Advisory S
\ “Program, 948-7031 ,' at least two weeks before you will need them. These ’ i

' s]fﬁé shows contain a dreat deal of information’and should give stuydents

an appreciation jpr the conqut of conservation. .

The Sea G}Ent Marine Advisory Program has preﬁﬁred 4 small broéhureg

L

to accompany these slide shows which are available tn the ﬁamﬁhiéi files .

of’ thé'Staié Libraries or i[om the Sea Grant office. These brochures

include: X /

s .\ LI
1. !Ancient Hawai'i in\ﬂarﬁony with the Sea", which discusses the_

#

-

2. "Ula and Papa'i - Lobéter’and Crab"; LN

*
"

© 3. “He'e and 'Ofepe < Octopus-and Shellfish", which di’stss the
' + s -4 . . .

fishing regulations bertqining to these.animals; and ) .
¥ o ' we ( ‘ | .
JE

‘.u * ~ B %‘IO‘ 85-: . . LS . ( - ' + I.
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¢ 4 "INegal Ftsh'ing Technigues in Hawai'i", which d1scusses the
: ﬂlegal methods used and their consequences ) ' 5 ‘
. f _

rACT;VITY II - In-Class
‘Qb,jgctive' To understand why. d'ifferent parts of the comnunl ty disagree

~on ith*e establishment of conservat'ion areas. ',"

. Procedure: Th1s activity involves .debating-and role p]aying The class

/
/\. is going"'to debat& the pros and cons of closing an.area. The debate could
involve an area’ like Hanauma Bay or ‘Haikiki,or the class can choose a
site such as*Kahe or Pupukea which has, beeh recoumended as a possj:ble

" conservation area. Some classes might choase to pick gp ent1rely dif-

L

‘ferent site and debate the 1ssu£ conceyning it. Let the students assume

ro1es. One m'igptﬁiant to speak up as 3 person'!supporting a family on

the income he/she recewes, from flSh'ing

th'l‘t"merely supp‘lements the'ir monthly' food Budget with fresh. flSh _Have

your resident zoolog1st speak, out. let the clasf really \ta]k out the

b" ) ‘

problems and pronnses of a Marine Conservation D1str'ict -~ *
-

Another debate could center on illegal flsh1ng technlque used in

I
- Hawaii. -Why are they used? Should str'icter laws be passgd?‘- ‘mﬁ\can
' enforcement be 1m|;rroved‘? ! ™~
. \a‘ . n‘
“ S T
CACTIVITY 111 - In- C1éss Lo L

'..

Objective: To, ?scuss thé usefu!ness\Q\ marine conservation, areas

L

Procedure
»

1. "How many studenf/ h'a\ce been sﬂorkeH’ng at Hanauma' Bay?

= .. 2+~ How mapy;f.h“a\ge:'been ‘sibrkeling at other places on' Oahu?
RN . ‘ °? TN ’I .‘.: . L -’i' . ™
..- . . .\ \ 85 , "::-,' F BN

- - a ¢
|.‘ . T \ C e _:‘_ v ‘_ . L

Others mtght represent semeone

Ask the. eC]aSS the folJow'ing *questwons to- stimulate d1s¢.'uss1on ",

L
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PUEEPY S : ]
T~ ’ . | l/
’ 3. Did you notice any difference 'in_the mumber of fish/ between .
Hanauma ﬁay and oth!ar places? /‘! ‘
) 4. How would you feél if tomorrow Hanauma Bay was n9"10nger a
‘ ’ / coqservati on' area? _ ’
5. What wou 1d happen there? . . ‘
. . 7 8. D6 your ¢hink this would be good or bad?" Explain. -

Z. Of what use are marine conservation areas?

M T e e
\

TOP1C 2:i GEQLOGY QOF HANAUMA BAY .

This section includes background on the geology of the bay, and a e

t
ot

r_ running commentary to auo(npany a nature walk there.
: ) ,
o

: HISTORY . 4 . ' ',
@

Hanauma Bay was ,formed approximately 40,800 years, a(gu. Afterkhe

*

eruptions which formed the. Ko'olaus had ceased, therg was a
) ‘ i
"period of volcanic quiet which probably lasted -
at least two mililion years. Then, on the south- .
eastern end of“the Ko'olau Range, volcanic act- =~ y
ivity resumed. More than- 30 separate eruptions .
formed cinder, spatter and ash cones” and poured
. : , Tava flows over the deeply eroded topography
. - - and out ‘onto the fringing reef. These consti-
\ . tute the Hawaii Volcanic Series, and have given .
' £ us some of our best-known landmarks, many of S -
*# =~ them in ¢r near the city~of Honolulu: ’Diamond.
" - Head, Koko Head, Hanauma Bay,- Runchbowl,
-V Tantalus, and Salt.lake.” (Macdonald and -
| Abbott, 1970) . e '
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} chlvlﬁ'.lv.- On-Site ' " B
Olajecti ve: To learn some ge':ﬂ'.:n’gly_cqE Hawiai-i. using Hadadnaa Bay as a site h ‘
" for a geologica} nature walk, ” S v ' |
Pr‘ocedure Information om various éeglogical features ang photos of _— ‘3
- some of these are provided. Rather than’ sunply telling the s‘tﬂdent? : .
the 'informat'ion you might use the "1nqu1ry" approach 'farming " : E

. v i
- tact with water cause violent expldsions.

@ Rabbit Island

Q _
Kaokikaipu Cinder Tone |

" Kalama
Ci nder Cone

L]

mlﬁoko Cratér

Koko Head Crater ‘ T ‘
. ' /

‘Hanauma Bay is a "tuff" cone. Volcanic eruptions that come in con-

Ahesé explosions produce a fine

ash, rather than a'solid lava flow, -The ash settles on the land and quick-

ly becomes nted due to the chemical reaction of the material, (Stearns

. 1966. pp. 86-87, Macdona'rd and Abbott, 19?0. PP- 18—22) The hardened

ash is called "tuff" Diamond Head, Koko Head Koko Crater and Bjanana

- . s

(Rabbr) ‘IsTand are also tuff cones

questions from the materia? provaded

L]
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- Lava Flow’
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Edge

Hanauma Bay .

a Bench
W
Witch's Brew \
. : . i3 e :"' fi."_ic_
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Csix tuff cones.

hand sfug Df the bay Just abOVe the end of the sandy geach
", as a large funnel on "y shaped are)a in

 dirt shows the origination of the cone.

’Part of one oi these cones can be seen on the

: y B - .
Begin the nature walk at the top of the bay, along the laya rock wall,,

\q

L]

the crater wall. The s1

I /;hoto T Iianauma Ba} is a "compound crater" and was formed by ‘at Ieast)

/1 ght-
t appears

opigg
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. ' (Photo 2) fhe reef’ at Hanauma Bay is a "fringing reef" - one that grows
along the margln of the land. The “back reef“ area near the beach. IS _
composed largely of sand or cora] rubbie. N0t1Ce ;h\aﬁhe»top of the ‘

5’ | ) _f‘eef or “reef flat" is not solid and continuous, byt honey-combed with

openihngs of all si'zes.j It is this!diversitf of mpogj'rap‘hy tha’g allows a

great many animals tp liye on 2 reef.

r

° 1Y
N . - > -

® . .

- M The '™fore “reef“,'or reef}\front, absorbs the force of the waves,
N g P 1 " . '«, . .
pmteCting the beach from e;osion. Notice that the front of the réef is_

,’4

-~ broken by many small surge channels which help dissipate wave énergy

. \V(How do they do th1s") e , . .
The volcanic. actl\nty that formed th'is bay orlginated beneath *
existing layers of basalt (1ava) and limestone reef. The_eruptwns
caused the‘se layers to be blasted épart and thre p'ieces fell back to
earth to become mbed;led in the tuff. As you walk dawn the foad ‘to the

. . bay notice the wa]l of tuff and the many pleces of sma]l white and b]ack
) } v r‘OCk’S \ “ ) v -

: 7 - T . l
ooows 300 %
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(Photo .3) Once at the beach, walk along the left-hand side of the bay

until the sandy beach ends and a hard platform begins., This is a "wave-

cut bench", which was cut from the tuff by the actien of the waves,
Notice that the walls of tuff behind the bench have been undercut;}y

"wave action. The beneh appears black rather than Ean, because of a

&

. ’
/ thin layer of bluegreen algae which grows over the wave-wetted surface.

' As ydL w%ik along thézbgnch on the way to the "la¥a arch“‘look for_
breenish,éb]ored sand tg yqﬁr left. There ;r;-;EFf‘fe:>beaéﬁes composed
of greéﬁ sand” in the Hawaiian Islands, and'Hanauma Bay ié“ohe of the-sesf
eigmp}es. "The sand consists of green crysta]s of olivine, separateq'out

of the volcanic rocks by er ion. At Hanauma Bay ;pe’rock supplying the

olivipe is tuff,.." (Macdqnald and Abbott 19%0).-. Olivine is a young

- mineral, found in-areas of recent volcanic activity.

) ' e '
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(Photo 4} One of the most interesting geological features of the bay is

. .. . . . - i
the small” lava flow on pha eastern side of the craterJhall, which has

formed.a natural anch. Thé sand in this area is composed of,bfa,ck an
white fragments.” The .black sand is formed by the erosion of the lava,
Lne . 1

while the white sand has been eroded from pieces of .coral and shells.

The basalt s easily distingujsped from the tu?f‘, as' it js black -and stony,

1

jis't before you pa“ss through the avch look to your left ¥n order to see,

B LY - t E
‘f‘pahbehoe" lava, Pahoehoe foms’; smooth or ropy surface, -Thedpther . |

major form of lava is a'a, which has a tr_ough; rubbly surface (Macdonald’
. - ¢

» +

\" and Abbott, 19?0,};/9,,22),-, L :
. . ¥ ‘ - " ' . .. 2

= ————




(Photos 5 & 6) After passing thtcugh he arch, you wi]i come td-a ccck
- fall. Look at the cliff above the roci

systéms. The roots Penetrate sma}F cracks in the earth near the cliff,
and as they grj and expand large,chunks of tuff are §‘éparated from the

0 the bench below. They will eventually be eroded away

-

pa1], falling

by wave action,

Photo 6 Tt : -~ 4

Once past the rock fall; look across the bay to the funnel ‘shaped

cone described earlier

" Two other cones can be seen from this vantage

point,

One is 'to the right of the previously observed cone, and one s

/ the dirt sloping inwards from both sides.)

1
3

\)‘ g .’ oW c]b

to the left, above the-area called "Witch's Erew“.

{Photo 7) (Look foc

a I

faﬁ] and not1ce the exposed root -




¢ ‘ ’
* J— = LAY . -1
your attention now to the wave cut bﬁnch. Flrom where
h T

. . . . you are standing notice that the inshore end of the benc

* (Photos 8 &9}, Tu

(oear the
sandy beach) 'is very clese to-rs_ea water.level. Look out to the point -~
- ' ) .
and notice that the bench there is significantly higher. Macdonald
' ~ o
(1970, p. 356) explains this- phenomenon:

. ] § ' .
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: ~ "The heéavy surf along the more exposed parts
u ' of the coast keeps the rock face of the cliff
saturated (with seawater} to a higher level
than do smal]EEaves in more protected areas.
The wafer-saturated tuff is more resistant to
erosion _than the unsaturated tuff above it, {emphasis ours)
//' and the latter'is more rap1d1y ot away, Teav-
ing the bench.”

~._ Your natqre :?lk can end here, if necessary. ﬁLf you haVe the -
time and the surf is sma]f a walk around the point w111 br1ng you to ‘.

a local point_qf interest called "the toilet bowl”, Near the point

you can see wind and water scu]pturing in -the tuff high above sea level,

1arge chunks of*old reef embedded in the crater wa]] at the peint, and

_ expanses of ol1v1ne sand nzar “the'tof]et bowl" .

20 - | E
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PIELD TRIP IV - KEWALO BASIN

‘ Instruct1ona1 Goa]

-

\rs

t

*

.

»

. When faced with decis1on concern1ng the uselof terrestrial ‘and’
extraterrestr1a1 resources, student§ wt]] select practlces deve]oped

in recogn1t1on of present and future environmental and human. needs

.
+ ’ *
. - . t

Instructlonal ObJectives

Discuss the physlca] feature of ‘the coasta1 zone areas of Hawaii.

Discuss the change in f!ora and fauna from the seaward limit of the
coastal zone to the ]andward Timit,

Explain why algae afd coral are renewable. resources and d:scuss the

constra1nt$ on this renewability. o,
. ,

] Identify and explain important fuctions of algae and cora]s

; Lo
[t ‘ !

Performance Expectation;

. .
[} .‘
]

Use a var1ety of reSOUrces to. gain 1nformat1on on environmenta]
matters. . ‘ .

- -,,.,

_ Conducts simple investigations to gain first—hand 1nformatlon on

environmental matters.

Integrates information gained from resources with 1nformatiqn gained
through direct experiences to develop understanding of environmental

" matters.

& .
' T e
2t "
¢ . .

Essential Competencies

Reach reasoned solutions to commonly encountered problems.

Use resources for independent learning.

-,

. .
02 :
0 . . 13
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1. REEF FLAT STRUCTURE AND. ECOLO

. o ______ __— . -t A e - :- "‘ . . "" i n ) . . .
j;'ﬁf“" """ lhﬁu-ﬂ e e TR T e
FERTRE - > Marine Suppl e
..“-C.""-’ ‘;\* = - s pp .Y' RN -."vI.:f:"'"‘:'”."l'"'-‘-' P
SRR L R ﬁ;stff'.ﬁ",'ut'-n.n:"ﬂ,crd-" o
‘ Q.\fg . ) ' I "-.‘l';‘-,-::_'.'.:,:_‘.’-’:: LT "" ': ’ . \' . ‘
1y ¥ mof\Netghied - Ala Moana Qedch park 7 ).}
. T Restrooms ST e Y
K ' Fie]d Trip site ' O

TOPItS alscusssnt . / T h

Y

2, MARINE . INVERTEBRATES IN NG REEF FLATS o '

; K -

- ., .'1
o R A
] ' .

FIELD TRIP SITE' ] l

E Kewalq Basm 15 a _ mercial boat- harbor in Hono]ulu across from
the Hard Harehouse ong a Moana Blvd. The field trip s1te 1s the reef
f}at on the ocean, s e of the basin )

' , Enter Kewalo asin from Ward Street 1ntersection if you are drwmg
- in an £we d1rec on, or at meac Harme Supply (forrHer]y MeHayne s) if.
driving i:l a D onfl-Head d1rectwn Take the road in front uﬁ hmfac ’
' Marine that h ( ards the ocean. The site is_on the ocean, Just past
the bend ln e roac (see map) Park £n -th‘e public parki ng area’ rather.

than in the estricted parkfng area Iobse}‘ve posted parking regu]at’ions)

i - ; - Ll -
o ff . - k“ Fon :
r .|. d Ed ¥, s v v . L . L

¢+

-
v " “‘.;

% I ".uhé. Moana B1vd .. .
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,;ﬂ’fhere are restrooms in the large, roof-covered net repairing area.
It 35 important that you visit this site on a zero or minus lbu tide.
: Plan to arrive aboEB an hour before maximum Tow tide (see newspaper for

« ' tide information). ~

SAFETY

Students must wear tennis shoes or reef tabis. Slippers are not '

1

acceptable. Scorpion fish {nohu} are common in this area, and might bé

stepped on. When handling unfamiliar animals, use chopsticks or gloves.

' When turning over rocks, use gloves. There are hazardous animq]$ such ,
as "wana“, the long-spined sea urchin, fire or bristlewofms {1&rgé pink ‘ ,
worms with many white bristles along each side), and an bcph;iéﬁal small
ee]. Scorpion fish are usually 3-8" long and are camouf!éged j@-blend
in hith the sandy bottomf. They sit qutet]y,'darting awéy qﬁ}ck{} when .
disthqhgdt They afﬁ/not aggressive and would only cause harm;qheﬂ B

, picked uL ar 'stepped on, as a venom carrying spine could penetrate the

a
rl
L

skin. They are not'deadly, but very painful.

© 100




INTRODUCTION . . i : .‘ \
A-fringing reef is a reef that is found along a shoreline, and

most of the reefs in the major Hawaiian Islands are this type. Exten- -

sive fringing reefs front the shore between Hawaii Kai and Ala Moana

Beach Parkﬂ' A "reef flat" is the top surface of the reef. Reef %lats

#
are accessible, generally safe, and harbor many interesting forms of

&

marine ‘life.

-

QHYSICAL DESCRIPTION

The shallow reef area fronting the Kéha]o Basin breakwater igﬁthe
ewa end of the extensive Ala Moana reef flat. This area ﬁffers.calm
water and mixture of\hard and soft‘boftoms; The "backreef" portion
directly in front of the breakwater is cov;red with rocks and rubble. -
This area is gxposed at low tide. Seaward of this are larger, algae-
covered rocks on a sand bottom. This area merges into the solid reef
platform. The structure of the solid reef is interrupteéd by holes and

sand patches.

BIOLOGICAL DESCRIPTION

Reef.flats provide a variety of calm water habitats for plants and

"animals. While there is Jittle live coral to provide hiding places for

'
animals, there are rocks, crevices, holes, sand and rubble.

In the rocky area frofting the breakwater small crustaceans and sea

-

.anemones can be found under, the rocks. In the large rock and sand area

a variety of animals are. found under and in the rocks,‘in the algae and

in the sand. The more seaward reef platform hosts smail fishes in thé

P

10; | .,
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ra




T

* Jarge holes, while invertebrates ‘are found in crevices and in the sand.

-

< TOPIC 1.

1

REEF FLAT STRUCTURE AND ECOLOGY

the May 1978 issue of the Hawaii Coastal Zone News.

4

This section includes a reprinting of an article that occurred in

Much of the infor-

mation giren about\reef flats in this artiq&e can be seen first-hand on

a field trip to any reef flat area, and field trip act1v1t1es 1nvo]ve

doing just that.
Reef flats (firom Hawai'i Coasgal Zone News,

P

P2.

P3

. P4

-all the major islands, except for th

Paragraphs are numbered for later reference.
May 1978)

Ha;aiian nearshore reef flats hug much of the shore line of
island of Hawai'i, due to

its geological youth.. Theswide shallow platforms extend seaward
as much as one half mile, and are never very far below sea level.

~ The ‘depth of water over the reef flats is between one and 12

feet, although the low point in the lunar tide cyc]e may Jeave
some sections exposed.

Nearshore reef flats include both apron and fringing reef
types. The first represents an earlier stage in reef growth
leading to the second. Apron reefs are smaller and discontinuous,
projecting .out from the shore as semi¢ircular structures. In
time, these may fuse to form broad continuous-fringing reefs that
para]]e] the coastline for long distances.

Reef flats have a variety of surface features. The shore-
ward portions are usually sand bottoms, often mixed with stones
and strewn with large fragments of reef rock. The seaward por-
tions are solid ree cut by numerous channels (which break up
the force of the waves

The 1iving reef

Bottgﬁrdwelling organisms are the architects of the reef
mass. alive, lime-secreting (coralline) algae and stony
coratpolyps continuously remove minerals from seaWater to form
skeletons of self-made 1imestone. When they die, their skeletons
contribute the bulk of the rigid "frame" of the reef. This
frame creates an anchorage on, around, and within which other
orgsnisms can grow, and upon dying, add to thegtructure or
ske¥etal debris. = The hard skeletons left by mollusks and sea
urchins and the powdered remains of one-celled animals (eg.
Foraminifera) and sand-producing algae (such as Halimeda)

- gradually fill the cavities in the porous limestone framework

with sediment. Coralline algae provide most of. the "cement"

: wh1ch so]idifies the other components intoc a consolidated reef

gh _IL)Q

DG g Irl‘
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.. mass. The lime-secreting algae, particularly Porolithon, strongly
’ : dominate the reef edge, Or crest, which meéts ocean waves - )
. head-on. : " ) o . :
P5 Reef~building organisms normally cannot tolerate the. climactic . : :
extremes occurring near the. sea surface, and as a consequence, few .
reef- flats’ grow to sea levél and emerge-at low tide in Hawai'i.
Thus, exténsion of the reef flat occurs primarily in d horizontal
direction, away from the shore, once the upward limit of growth is’
attained.™ Reef growth in any particular location depends partially
upon the severity of inhabiting factors. For example, flats- on. the :
windward sides of islands subjected to heavy wave action, fregh- v ,;JEi

water runoff and natural sedimentation are unlikely to grow as
vigorously because reef-building organisms are under great stress.
In leeward -locations where conditions are more favorable, reef -
flats may grow upward to very shallow water depths.

Dependable tepants . ) . T

Pé " Because reef flats offer a variety of habitats, the distribution

' of life is patchy. Where there are solid or rubble surfaces, . .
there is a rich cover of seaweeds, particularly-just below the - '
waterline. Inshore, where-water circulation is sluggish, the

] fleshy alga Acanthophord {which was probably iptroduced to Hawai'i
- . on the bottom of a ant[ may be found.. Where water movement is« ' ' ¢

more vigorous, coralline algae (particularly Porolithon} and limu

. kala (Sargassum) are more abundant. Populations of small _

. : crustaceans use the elegant camoufiage of bottom-dwelling algae for
- shelter, & ) - C e N
P7 - Invertebrates, such as mollusks, small crabs .and shrimps, "and
. segmented worms are also present on reef flats but the majority -

) ' ' are concealed 1ife forms that have retreated from the surface. .

. ' Their ingenious exploitations of space may not be revealed unless -
the bottom js sifted or cracked open.. Dedd-reef is a penetrable -
surface housing animals such as sponges-and worms that bore or
.excavate tunnels by dissdlving or mechanically grinding the rock. , -
Secondary species become tenants in burrows abandoned by the

. ¥ pioneers. T oLt
. P8 Wheére there are sand patches, mollusks sfich-as the flea cone
. (Conus pulicariys) and auger shells (Terebra), 1ie buried under
the surface. High water temperatures, low salinity, mud that pours

! o . out from stréams durtng rainy seasons, and drifting Sand-also check

"2H\5 the growth of stony corals close to'shore, sa they are not usually

y . important components of reef flats, except at the seaward edges.

P9 " Both biologically constructive-forces {1ime-secreting organisms)
. and physically destructive forces {wave action and scour, breakdown
o - by living things) are constantly acting on a reef with different &
f;/)’ . _ degrees of success. {n one spot, the balance of forces may be- -

-t

exXtending the reef.sidéways or upwards, in apother - breaking it - '
down, and elsewhere maintaining it more Or léss in.upeasy equilibrium. ~
P10 Storm waves ‘and swells break and wrench’ pieces 6f rock from

- the seaward side of the reef. In places this actfon undermines the

. . edge of the reef and is followed by collapse of largersections. «
' * . * . . L] . . . m . \J . o *
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The perforating, boring tunneling and dissolving actiwvities, of algae,
sponges, mollusks, worms, sea urchins and some fish 'also grind the

« s01id reef into sediments of all sizes, .This pulverized material

. 'fills in spaces in ;the reef rock, $lides down the steep seaward wal]

of the reef, or is carried over the reef and is deposited on the
shoreward s1de In this way, the region between the reef and shore
slowly fills with sand while it contributes to the destruction of -
the solid reef mass.  On reef flats near streams, silt from the land
may build up faster than it cam be removed by wave action, and mud

*  flats cover -the reef flats, such as at Kane'ohe Bay.

ACTIVITY I - Pre-field trip

To Tearn to recognfze coralline or "stony" aloae ’

Objective:
Materials: Slide set of cora111ne algae ava11ab1e through your schoo] -

-

. Procedure.

Adlstr1ct offlce

in paragraph 4. -

W+

The 1mportance of. cora]11ne algae on thé reef is exp]ained

It not on]y cements the reef together but he]ps build.

&

. it too.

w

This s11de ser1es shows the d1fferent forms of toralline aTgae,

and’ shou]d help studeﬂts recognize them on the fleld trip, -

.

. 1
P . . . A

: ACTIVITY 11 -.0n-Site -

ngctiv
'and that they change 1n makeup from shore to sea. ‘Refer to,Paragraph 3,

To show that reef flats have a var1ety of surface features

' -

. page D6.- '
“Hater1aJs ) ) .

: 1 Tuo or three hula hoops or metal frames 2/3 to L meter on &

! s1de . ‘ T
.2, A ba]] of str1ng 30m long, marked at 3 m intervals with
‘ colorful t1es
. 3. ’C11pboard paper and‘penc11 for each student group of three
or four. . '
,.14.1 At 1east”onelfookhox for each student group of three or four.

1 L Dé

-1{)4 .

*
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* Procedure: This activity involves running a transect line out gnto the *

reef from the shore and desc§fbing the bottom at 3 m 1nteévals, using ’
the hula hoop or metal frame to define the observation area. Each stu-
) deh%-group would draw é;'sc}]e tﬁé topography within one observation
area and lable the different kinds of substrate, such as sand, rocks,
Each tie on the llne should be numbered 1-10, be-

They N

hotes, rubbile, etc.
. g1nning from shore, and each groip should be asslgned a number.

¥ then need only to count the ties as they move from shore across the

&

—

. reef to find their aréa.

In~C1a§§_F0110w Up
. _ Place the drawings in order along the blackboard.

Students should

Ed

~Took at the drawings in sequence and answer the following questibns:

‘ '
) 1.
o |

2. Can you see any general change in the bottom tapography as you

Do reef flats have a vartety of surface features? Name some.

move from shore to sea? If so, what? Compare your findings
- " .
with generalizations made in paragreph 3 of "reef flats".
N r
> r

) P
ACTIVITY II1 - On-Site

.

Objective:

Procedure:

To identify coralline algae #n the field.

Have students turn over a few rocks on the reef flat and look

. : . .
. for pink or purple on the undersurface. Look also for?pink or purple

* color on shells or coral rubble. "The pink and purple is a thin crust of

a kind of coralline algae. Among the coral rubble Took for small heads

or chinks of coralline algae. They often look like small coral heads

'? # (a few om across) but corals always have sma]l holes over the surface,
- ) k4

and this'hard_algae i&, smooth and lumpy.




Once students find some, restate its role on the reef. (Campbell

Harbor field trip also has information on these reef building algae.)

ACTIVITY IV - On-Site

Objective: "To see the structure made by stony coral polyps. Refer to.
paragr_aph 4, page D6,

Materials: 1. Something to chip off a piece of dead coral rock. A
snall hatchet or.hammér and chisel would-da.

Procedure: There is little Tive coral on the reef top, but Tots of

dead coral chunks. To see that this is true, find what you believe to
be‘a cpral rock. It will appear light in_colo§ rather than black. ¢ Chip

*

at a corner of it. If it is irdeed a coral rock, tht area you are chip-

ping at will appear white'ané be Fathfr soft (soft for rock that is)-
Once  piece has been chipped away, the exposed surface will appear whité
_and finely pbrous. This is, the skeleton of a reef-building coral. The
‘tiny holes which give the porous nature t; the rock were once the cups
that the polyps lived in: They grow new ones layer on 1ayer;
. Save this C(;ral f(;r the next activit)'r.' f‘

v o, o Q
ACTIVITY ¥ - On-Site . X
Objective:. To observe animals th;t‘%ave “;ktrédtedafrdm the sqg::Z;;.

-

Refer to paragraph 7, page D7. ,(?

Procedure: Using the cracked-dpen coral. rack ¥rom the previous activity, )
look Jlong the inner edge of the exposed surface-for tiny worms and tﬁéir{'

holes.h {ook also for larger hples ajodf % inch in diameter. These qples

are made by worms too. Look on the urface of the coral rock for holes

.
+
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I . and crevices. Do you see animals in them? Try and break more of the
coral surfacekto expose other animals. DO THIS WITH ONLY ONE OR wa
CORAL ROCKS. THESE ARE HOMES TO MANY ANIMALS. A dark green band of
eo]oy'along the'inner eddb of the sgrface indqutes boring algae,
} e
ACTIVITY VI.- On-Site

Objective: To observe how the reef grows. Refer to pa‘ragraph 5, page D7,

Procedure: HNotice if the reef breaks the w;‘fter E-t low tide. Discuss the
ideas presented in paragraph 5 about the reef only growing to a certain

-~ 'h.ei‘ght because of "climatic extremes occurring néar the sea surface." t
Byhat climatic extremes might Timit the upward growth of ‘the reef? Would
the reef grow better toward the sea or toward the shor;? Why? ‘How are

. reefs like this ‘one inportént to islands?

TOPIC 2: MARINE INVERTEBRATES INHABITING REEF FLATS

This section includes descriptions of animals common on reef
» -~

flats and simple activi ties students can do with them in order to learn

F )
more about their various natures. Included also is a sct‘?pt for a sTide
show on reef flat invertebrates. The slides are available from your dis-~
trict office. . ‘ S .
ACTIVITY VII - Pre-Field Trip

= Each district office has a series of marine Tife slides which you

! can borrow. -'Use these slides to show your class what the various .
) animals look like that they are likely to see on the ;reef flat. )
. < ¢ -‘ The slides are numbered, andl the following slide script tells what
.
o I
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slide to use, what animal it shows, and where the animal lives.,-More

information is provided ifi the book containing the sifdes which you may

alsowant to use.

Slide #
'

9
10
17, 18,
20

2

23

28

30
41
32

49, 50
95

?
93

77

75

Namge.0f Animal
Ljve coral

Sea Anemone and .live
coral

Sea Anemane and
coralline algae

1

Flatworms

+ "Ina" sea urchin, and

orange sponye

"Collector" or short-
spined saa urchin

Feathd?duster worm

Bristle\wofm

Ll

Snakesﬁéad cowry

Money cowry with
mantle out

" Cone shells

Hermit crab

Hermit crab and -
sea anemones

Decorator crab

Swimming crab

LY

5

Habitat ;

Lives on the tops of shallow reefs .

Both found on tops of shallow reefs
Under rocks -3
Under Rocks _ ¢

Under rocks and in pukas. Sea urchin

not venomous

Lives out on reef, coveFS 1tself with
debris’, perhaps for camouflage

Lives in a tube. Tube usually under
a rock or in a crevice

Irritating to

i, ;

Lives under yocks.
humans

». Lives under rocks on reef flats
(eTsewhere in other habitats)

Under rocks

On reef' flat. Handle with caution

} .
Various places-on;the reef flat.- They

© use an old snail shell for a home .-

Qut on reef Flat. Only this species
of hermit crab puts anemones on its
‘shell. N

* These crabs put aléae on théir bOdie;*}

for camouflage L
Under the sand
- g o
D12 ' . .,
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. 29’ i Black finger crab o Under rocks -and in pokas in rocks

'Q? © e Mud shr1mp fh burrows in the firm sand ‘areas

164 . White brittle star Uooer rocks in sandy areas
Yigz - " :  Sea cucumber . ", Under rocks in shallow water

24 wama ~ 0On reef rocks. _Handle with caution
S A ' . . :

ACTIVITY VIII - On-Site - . ¢ }(

0bgect1ve° To"obser#e reef flat animals

. Hatef*ﬁls. Your class will need lookboxes {see appendix on how students

- more closely.

can-mdke their own), reef shoes (tennis shoes Or tabis), g]ovgs and -

chopsticks, -buckets "and flat pans toﬁ putting sﬁecimens in, ‘For the

brittle star experiments use- A 9" x 13" cake pan. You might want to bring

magnifying g]asses or-dissecting microscopes in order to see the animals

¥

Please turn q&cks right-sfde-up after you look under them. The

L

animals beneath the rotk wi]l die if exposed, and the algae on top of the

§ -

rock will dfe without lught DO NOT take’ any anima]s back with you.

This' is a heavily used area and if your class removes marine life there

‘ may not be anything for the next class to see. Please kokua:

Re-read the "safety" section under "Kewalo Basin Field Trip Site",

page D4,

€
—

Procedure: Most invertebrates do not live on the surfacé of the‘reef.
Jrocedure

Many live under rocks and you will need to turn over these rotks to find

them. (Replace the rocks as you found them!) Look also in the pukas of the

N
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rocks and in the sand. Some of the animals you will see are listed below.. ..

(See general appendix “for identification information).

=+,

.Colorful Filter Feeders

- ]
Soft, brightly colored or white colonies of sponges and colonies
of various kinds of animals live on the undersurfaces or rocks. Sponges

generally feel spongy and cloth-1ike: other colonies may feel crusty or

' slippefy. Usually they are dotted with ho]e;. These animals are filter

feeders, which means they draw in water and plankton for food through

" some holes, and expel wastes through other holes. Look at these with a

-

. magnifying glass if possible. P

-

Sea Anemones

*Small.'dqu sea anemones cling to the undersurface of the rocks.

Kewalo basin has a dark species, about %" in diaméter. that attaches -

large sand grains to its surface. Ldok for the ring of tentacles that
these animals feed w}th. They -are able to catch small animals with the
stinging cells 4n theééltqntacfes. but they don't harm people. - /’/

Sea Cucumbers

Sea Cucumbefs are sausage shaped animals, veny.commoﬁ on Hawaii's
reef flats. They come in various sizes and colors. A very common one
can be recognized by a plack.‘lacy.'flower-like strﬁcfuré that sticks

out of the sand. These aré its feeding tentacles. Look for this. struc-

" ture. Poke it gently. 'What doe§ it do? (It withdraws). Try to care-

fuffy dig out the animal it is attached Eo. You should come up with a

116 -
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. '_ dark sausage shaped ‘animal covered “with sand. This is the "loli pua.",
or flower sea cucumber. The féeding tentacles trap f&od particles float-
ing by in the current. It was probably very hard to remove tﬂis animal
from the sand. Sea cucumbers are covered'with many tiny suctior cups

(tube feet) along the ventral surface ("down" side) which they use for

v
attachment. .
As you turn over rocks you will find other kinds of "1eli". Some
-~ § are able to spit out white sticky threads when they are bé%hered. Look

v for @ small, brown one, about 3" in Iéngth, or a beige one 6-7" long
with 4-5 dark bands ac;oss the back. 'Pass these around for everyone to
see. The§ may spif out their sticky white threads. Have everyone fegl
how sticky they are. Any animal that bothers this Sea cucumber will

.. o become entangled in this mess and be unable to {ioth;er' it anymore.

Id

-_ﬂcti}ities With Sea Cucumbers

‘The Hawaii Nature $tudy Program's ﬁeef and Shore Teacher's.Guide
contains a lot of informatioﬁ and’activities involving sea cucumbers

~ (pp. 168;1?2Jf A couple of activities that are easily done in the field
follow: ‘ )

1. Respiratory pulse. Sea cucumbers breathe through the anus. -

To see {his, place a sea cucumber in a shallow pan with enough

water just to cover it. As you watch {} closely, you will see a

stream of water come out one end. This is the respiratory cur-

rent. If you pjék the sea cucumber up and squeeze it éently, a

stream of water will probably come out. This is the seawater in-.

. | side'nthe animal. The sea cucumber is essentially Tike a balloon.
It has a thin body wall and is hollow insfde, a]fhoubh it does

o S 3 -~ 1_1:?15 )
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- have digestive, r-‘esp'ir'§tor‘y and r-epr-oductivé -or-gans )_in there too, . .
, | along with the water. | ,
2. Feeding tentacles: b]ace a couple of sea cucumbers in a
shallow clear plastic or glass container. Leave theﬁ alone for °
awhile. As they resume normal behavior, the feeding tentacles
will come out of the oral end. Different sea cucumbers have dif-
‘ferent kinds of feeding tentazies. Dne you've seen has a black
flower-1ike set. What Lther kinds do you see? Most sea cucumbers / /j//
take iB sand with their téntac]es, and~are called the "vacuum
cleaners" of the reef. S
3. Tube féet: It's already been mentioned that sea cucumbers
have tube feed along their ventral surface: for @alinging to-rocks.
Some are able to cling more stronglg than others. Sea gucumbéré o,
’ that live out on the reef top generally have a stronge} holding |

_cabagity than those that live under rocks. Find some sea tucumpgrs

/ ’ that live in different habitats on the reef. Place them in a | ‘
) ) . i - * . .
shallow dish. Let them sit'thgrp-fqr 10 minutes, then gently try .
a” ‘ L : ’
- and 1ift them out. Do some cling more strongly than others? Can

. b you relate their clinging strength to their habitat?

-

Brittle Stars

. it ) v . .
Brittle stars are usually found under rocks and in crevices in

rocks on the rgef.' Usually where you find one you will find many. ﬁhey
- are’bble to move‘vér‘y quickly when distFubed. They are not harmful in

| . o ,
any way, and can be handled. Be careful to handle thém gently, as they

" -will drop arms of f in-order to get é,way. ‘Hawaii Nature Study Program's .

Reef and.Shore Teacher's Guide covers brittle stars on pp. 163-167.

' ht
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Actfvities With Brittle Stars

r
{
1. Look for evidenge of arm regeneration.. Tlrme 9nd of an arm will

r

be much smaller than'the rest of the arm. /

2./ How do brittle stars move? Place one ih a flat shallow ban

nd observé., lLook at arm movement and also think about the pur-
. a £,

poge of tRe spines on the ams. Brittle stars have the tube feet, as
do 4ea cucumbers, but they have no suction- cups an the end. Why

not? (Because they are not "clingers", bu{t fast runners.}
- - I
3. Do\brittle stars prefer light or dark? Take a flat, shallow : i

cake pan, cover one end so it is sfladed. " Put the brittle star in f

» one end.\What does it do? Do this a few times to see if it | !/
always shols the same behavior. What generalization can you make ‘ /

' qbouil:“ its béhavior in the- pan and its Habitat on the reef. (It ‘ !

. ‘ éhoq]d e]ways move to the dark area.}

Sea Urchins
: The commonest sea
\ _ "ina®, a small, spiny urchin that lives under rocks or in érevices and

L pukas in coral rocks. It is actqa]]Wde these ho]es; in t"ﬂ/
soft coral rock. It is not harmful like the venomous "wana" urchin.

g " » s
“Ina" may be black, pink or light greyish green. ) oy

r-s:hin you will se on the reef flat is the /

Another urchin is the p'in-cushmn urchin, also called short-spined

urchin, "co]]ector'" urchin or "hawa' "I is Hf‘ge. black and has gery

"

short spi nes. . ' ~

¢

i The “wana" 1s a Tong spined,. vénomous rur'ch‘Ji’Irn'. They are easy to

recognize. When they are Juveni]est their spineé are banded black and

a
2 H
’ o
" .
-
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white. When they are adults they are large, with long'spines.

1

Activities with Séa Urchins - pp. 158-162 - Hawaii Nature Study Program

Reef and Shore Teacher's Guidé : . ‘s

Put some urchins “in a shé]]ow, cléar container. Let them resumei
norimal activity. Sea.urchins have tube feet with suction cups-as

do sea cucumbers. If you look carefully you will see the tiny, delicate

L]

tentacle-like tube feet extending out from the body. In the short

1] .
spined urchin they are easy to see because the spines are so short, Inh\
LY f ' :

the "ina" they are harder to see as they are about the same length as
the spines. Once the tube feet have been extended they will begin to
attach to tbé bottom and sides of the dish. *If you 1ift an urchin geﬁt]y,

you will see that the tube feet are attachqd. These are used for respira-

3

z
tion as well as attachment.
If you happen to find a "wana", notice that there are many tiny,

thin spines among the larger spines. “Thesg are the spines that actually

have venom on the tip. . =~ . -

tw -+ !‘"‘ \
# Turn an urchin' over to see the five finy teeth in the center of

" theé underside,' These are for grazing on algae.
If you find a short-spined urchin, 1bbg for five pairs of'rows of d

'%tube feet. Most echinoderms, like se%_gtat%, brittle stars and sea |
D oy

urchins show a SJkay plan to the body.' Sea cucumbers, which are ?e]atives,

xS

do npt always show this. o

.'(

!

Feather Duster Worms ~ : Vi
! L

Feather duster worms are segmenteQ'worms kannelids) that live

L]

inside tubes which thﬁk'buila. The feéthery structqte; that they extend
‘ ; . . N o .

. ' 1
. D18 ! 43
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. ‘into t‘he water are used to absorb oxygen and trap tiny par't1c1es for
food. These feathery Structures are 1lght sen51t1ve and can be with-

: =

i , drawn rapidly if the animal is alarmed by a shadow or a light touch.

Bristle or Fire-worms

These worms are also segmented worms like the feather dusters,

but they do not live in a tube. They crawl around under rocks looking
for prey. They can be several inches long and are usually pin,k.\l Their _

_sides are covered with many white bristles which can cause irritation to

d " humans if touched. .
. | i
Flatworms . _
Flatworms are very, very. flat, end Just slip ove‘r‘ﬂ% rock suri.’ace.
® They are not related to the segmented worms. Some are small, 3/4" long,
others may be up to 2 inches long.‘ Handle the;n. S_arefully. as they are
fragile. Put them in a eha]]qw contaiherJ' and watch how they move. Some
) are swimmers, others are gliders. Flatworms eat live prey, and_one kind
iJs parasitic On oysters.
. ﬁo]lusks ‘ :

Cowries, cone shells, nudibranchs and,sea hares are all common un-
7.,der' rocks. Even though -they look ver; differ'ent they have much in common.
A1l move on a broad, muscular foot. Put them in a sha]low clear dish
and watch them move. Be careful of cone sheﬁsJa,s they can sting. Hand]e
them from the fat end‘ and do not hold them very long. Mo\luﬁs/ga_t a wide -
variety of i’oods, from algae and‘ sponges to fish,

Ll
- -
. ) '
K]
&

115. . "
D19




Mud or Ghost Shrimp ‘ .
',/’/,// . Look for smooth, round Ho]es in thé:sandy areas.  They are about

%“ in diameter aqd‘pre the openings for—the bhrrowg of the mud shrimp.
You may see a shrimp in its hole. Fhey have two claws, one of which is
larger than the other. You may be able to see the EIaws and anteqnae,
but it is almost impossible io get the”shgimp out: They have a long,

soft body and are quite vulnerable out of their burrows.

2

Questions:

1. What is a fri;ging reef? I ‘

2. How is it built? “

3. .Nhét lives there? R

4. Where do they Tive? . |

5. Jow are fringing reefs useful? 3 v ) ' .
‘How would the surfing.be in Hawaii without fringing reefs?s

7.5 A great deal of reef area was destroyed to build thé new K

reef runway at the airport. What do you think ;bout this?

- -

4
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. Tt T Appendix,

Reprinted with permission from the “Aqua-ﬂuct" (Curricu]um Research and
Deve1opment Group Hews1etter) May 19?6 by Art Reed and Barbara Khmnp

o :;' 'ﬁQUA-TIﬁSr\ "How-t0's" for Marinafing_Educa{;;;j\ LT

¥

(LOOK "BOXES® SR ST ‘

A look box that is relatively durab]e 1nexpens1ve and easy to
construct consists of a plastic.gallon jug with the bottom tut out and *
a half petri dish sealed into the hole. Half t top is cut away for
viewing, Teaving the handle <intact -for hoIding

Materials * :

.

v " Gallon plastic jug, 1 per Student or pa1r of students T

Silicone sealant, 1 tube for about a dozen loek boxes.
Plastic disposabIe petri dishes, size 150mm x'15 mng ﬂaIf dish per 1ook
box (see beTow for source of purchase) ,
Procedure )
sihg a scissors hack saw, and/or sharp, blade, cut away half the
g?p of a plastic gallon jug, Ieaving the hanﬂ]e-as shown in the
agram.

|

- 2. Set the jug on top:of an open half of a petri dish. Make a mark ,
[~ . around the jug at the top rim of the petri dish. Cut the bottom

) out of the jug about 1/4 inch below or ingide the mark, so that
: . the hole in the bottom of the jug will be s1ight1y sma11er than
the dish. . .
N - 3.. Place the half petri dish 1ns1de the’ jug. and push it .toward the

_bottom. Hold it in place with masking or Scotch, tape.

b
-
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-

_ 4,  Apply ‘small- da.bs of sealant at .three or four spots around the edge

to secure the position of the half petri dish in the jug. -« Let

set for about an hour or untﬂ it becomes firm. Then remove the £

ma\sking tape. - ; ‘. ) ."«9\; .
Having the dish-held firmly in p]ace at the three or four ,yofnts N
’ prevents the dish from moving or slipping when sealant is a 1ed
later.” If the dish is not held firm; it slips and smears sea
across the face of the dish, obscuring the clearhess of the - (
. window. * Avoid touching the mndow witﬁ sticky fingers’ for the ame

reason.
// B N
' “ - .
R . . . L) &
s < 5
.5, With the dish held firmly by the dabs of sealant, lay a ribbon of\

sealant all around the crack between-the half petri dish and the’;

~  jug both inside and outside, smooth‘ing 1t into the crevic'es *ﬁare- '

fully avmd smeanhg the- window ‘

‘. b '{ \-»
L3 L} . s 5 "w-
Sy T
Bt “i, .
'h’ P . " ?s .
: -’:(—' ®
‘ R ‘-:.i .
6. Allt‘to cure for 24 tp 48 hours.t . . L K
! W - : ] " ’ ¢’

Plastic disposable petri dishes 150 mm x 15 rrm, are sold i-n lots”
of 100 dishes by Van Waters and Rogers (VWR), and in Tots of 10 by1s
X-Ray and Medical Equipment; Inc., 3160 Ualena Street, Hono'lu’lu 'Hawaﬁ
96812, ' The retail price was $20. 00 per box of 100 d1shes whf.cl; cpme;s

to 20 per half dish. ‘The top half of of the dish is clear and makes} ", |
a_clear window n thé bottom of the Took box. The bottom half of. one’ *
type of dish is scored in one-cm squares and pmvides huﬂt-m q'uadi*ats '

for making rough population counts. ; L .

- The idea for construction of the ga'ﬂon jug Teok hox evo]Ved .
during development of the Hawaii Marine Studies Science Project.and:.the

. Hawaii Nature Studies Project at the Curricu'lum Researlzh and Developﬁ!erlt

,Group University of Hawaii. ' AP X
. SN o g 118 \ﬂ‘ T . :




. . REFERENCES ‘
De Luca C. J. & D. M. (1972) Pacific Marine Life Charles E, Tuttle Co.,

66 pp. § .

-

Office of Instructiohal Services, General Education Branch, Dept, of

Education, Fieid Keys to Common Hawaiian Marine Aﬁima]s and Plants,

o
(1960) State of Hawaif, RS 20-9279. P
T - ¢ .f-\
Hobson, E. and E. H. Chane (1972)‘& Hawaiian Reef Amma]s The University V4 \
. l’ “ A
of Hawaii press, 135 pp. ' N
Hawan Nature Study Program RTeef gnd Shore Teacher's'Guide. A project \-
. _  of Curriculum Research and Development Gmu{]??ﬁ University Ave.,- ~
HondTulu, HI. 96822, 265 pp. T
Fielding, ‘Ann (1979) Hawaiian Reefs} and T'idJ:ools* Oriental Pubhshmg Co., :
_ Honoluly, HI. - 96822, 103’ pp. "
* S
~ ) »
g
LS N ‘
\\l\ '




FIELD TRIP V « IN CLASS

Instructional Goal . e Y. E2
. Instructional Objectives . . . . . . ... . . . . .. E2
« . Performanse Expectatiops . . . . .. . .. e o ... E2 -

Essential Competehcies E2
Topics Discussed . . . . ... . . . . .. v 0. E3
Introduction . . . . .". . : - E3-
. Topic 1 - Habitat diversity and-animal
adaptation;. how they affect
{ fish anatomy and movement . . . . . . . ... . E3
Activity I = In-class; film on fish _
adaptations™. . . . . . . . ES

Activity Il

LS

- In-class; parts of a
fish and how variations
+0f thase parts
dictate  lifestyles

cccccc \' E?"b

. Activity III -In-classi fish movement . . . . .. . Ei14
Topic 2 - Fish identification . . . . . e E15

‘ Activity IV -In-class; Hawaiian fish .
- - . families . T . . ..., L, .. EI5

Aq}ivitybv- = In-class; film strip on A
fish eCOTOgY '« v v v ¢« v e e e e E18
Topic 3 - Fish as a subject for art . . . .. . e v 3 E19
Activity ¥l ~In-class; Gyotaku; fish ‘
' print1ng ................. E19
REFERENCES . . . .« . v v v v v v v v v v v oo e E20
m -
N e
< 4
127
El )

e §




| c ’ FIELD TRIP V - IN-CLASS

. . vy

t Instructionalfsoa}

Students will. demonstrate an apprec1at1on for the lnterdependence

. of Tiving things in ¢he cfosed earth system
s r ’_‘/"-l.,

Ins tructional Objectives

- Give examples of how survmva] of an organism depends on Sc, S5, H
its ab111ty to adjust to its ‘environment.
E;;ﬁiﬁn how people make the most of tﬁetr adaptatlons ' Se; SS, H,
. through the use of their intelligence. B N

A

¢ Performance Expectations

x

Reach reasoned solutions to commonly encountered problems.

d Use resources for independent learning. ¥

E2

i Uses a varfety of resqurces to gain information on environmental matters.
P Conducts simple investigations to gain firgt-hand information on
A environmental matters.
p .
(7 e Integrates’ information galned from resources with information gained
, , thraugh direct experiences to develop understand1ng of environmental
. matters. .
EssentiSI&Competencies .

®
/
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TORICS_DISCUSSED: ‘ . ‘ o
1. HABITAT DIVERSITY AND ANIMAL ADAPTATION: 'HOM THEY AFFECT
A. FISH ANATOMY . |
B. "FISH MOYEMENT . . ,
3. FISH TOENTIFICATION |
3. FISH AS'A SUBJECT FOR ART

" L3
L] -

_.INTRODUCTION:

The extensive in-class activities desgribed in this section

provide a "hangg-on" appreacﬁ to understanding what a fish”is and the

basic similarities among dffferent.groups of fishes.

1.

' Many of the variations seen among different kinds of fishes are

related to their different life—styles, e;;h species’ basic body plan

havimg evolved through gounfless generations to enable it to better

‘meet the unigue demands of its habitat.

-
-

TOPIC 1: HABITAT DIVERSITY AND ANIMAL ADAPTATION: HOW THEY AFFECT

*

FISH ANATOMY AND MOVEMENT .

This section includes some examples of differences in fish struc-

-

tures, movement and 11festy1es, along with exp]anatlons of why these

-

differences m1ght exist Fresh fish from the fish market, movies and

slides are used ¥n a multi-media approach to understanding fish

adaptations.

1

%

Gramnmt1ca1'note "Fish" is plural for more ‘than one ndjv1dua of -a

single type of fish; "Fishes" is plural for more than one kind of fish.
Example - "There are many fish in that school of aku" and "There are

many fishes in the sea".




A "habitat" is the place where a living thing is normally. found, - .

d "diversity" means variety. “Habitat diversity", therefore, means the

| variety of places avaﬂab]e where plants or animals can live. The term
?S used't‘his wayg: A sandy t\each has little habitat di;er'sity, while a
mountaip forest has a lot. Why? (This is a good topic for class dis-
cussion before going on with further expla_nation.). -
A sandy beach is generally composed of loose, st.ﬁftiﬁg sand and -
only a few pla™s are able ;‘.o grow here. Animals living here must either .
live in or on the sand or in the few plants. This hébite‘t doesn't pro- |
vide much variety of places to live, things to eat, nor much protective
e cover: A‘mo‘untain forest, on the vther hend, has man"y different places
to live and the inhabitants can "make a living® in numerous different .
ways. There is a great diversity of plants - ferns, grasses, bamboo,
bushes , tr'ees: all of which help form the dense growth (;f the forest
and provide many places to li-ve. Also there is a wide variety of things
to eat - different seeds, fruits, leaves, insects, etc. ’
* When a hebi tat is very diverse, as for example the tropical f&;r;est,
we find many different kinds of specializations among the animals that
live there. The Hawaiian honeycreeper birds that H’ve in our forests
are a gotﬁ land example of this, as their beaks have become aaapted to
be very efficient at eating very specific types of food. Some have 1I0n9
beaks for feeding on the nectar of flowers, others have hard, short
beaks for crushing seeds, others have beaks specielized .for eating ’

certain types of insects. As these specialized edaptations' to the envir- <

onment evolve they help the animals compete more successfully for partic- . _'-,'
) . . : N '
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ular food items. This works well as long as the environment remains

stable, but if it begins to change and the animals that are specialized

to eat only certain things can't change, then they die ot and become

extinct, N
A good example of this process involves the Palila, a bird ~
g found only on the island of Hawaii. This bird lives only in the mamani

tree. Goats, sheep and pigs that have been introduced to this island by
\ _ o
h;hans are slowly destroying this habitat, and the Palila is not able to

i

e an}iﬁere else. 5 bird that is able to eat different kinds of foods

i has a better chance of survival if the habitat changes, and there are
many birds like this. They are the survivors in this fast changing world.

Coral reefs, are in many ways like forests. They are probably

the most mature environment on the eartﬁ, and they are very diverse. As

corals grow they 1gave numerous cr;cks, crevices and caves - spaces

deep within the reef structure, where fish and other animals can find

brotectio; for themselves and their nests.

They also provide a wide

variety of food - algae, living coral,

plankton and other fishes and in-

vertebrates.,

expect to find many different kinds of adaptations to life there.

Since this is a diverse and stable environment we would

Keep

*

in mﬁnd though as we took at these adaptations in fishes, that many

o could die out if their habitats are changed through either natural or
human causes. 'j’ -~
S o

. ACTIVITY I - In-Class e

Objective: To see examples of fishes that have aélpted to very specific
lifestyles. “ f




Procedure: - The movie "Hunters %n the Reef" (F 1147B-25min.} can be ob-
tained from the Audio-Visu§1,Serv;ébs? Sinclair Library, University of
Hawaii or Departmeﬁt pf Education Audiovisual Services Unit. Sinclair
Library reguires a wr}tten request three days prior to gate of use.

This movie is a fairly new color movie filmed in the Red Sea. It
discusses the interesting adaptations of several marine animals, while
showing marine biologists in the process of ungerstanding the intricacies
of these adaptations. This is Si interesting and enjoyable movie.

Another fi]p which'may be obtained through from Department of
Education Audiovisual Services Unit or fe]evant to this material s~
"World Beneath the Sea". .

Y

QUESTIONS FOR CLASS DISCUSSION: | S

1. How do the following anfmals protect themselves from predators?
P. Fish in/schools (protectlon in numbers)
b. Pipe or Garden eel$ (burrow in the sand)
c. Amghigridn (anemone fish) (lives with stinging sea anemone)

- d. Sea urchins (spines, venom, hides)

e. Large sea anemone (stinging cells, hides)
f. Flatfish (flaé dey, camouflaged clor) _

2. Do both AmpHiprion and~the sea, anemone benefit from their
re]ationsh1p? fxp]ain (Yes. Each protects the other from

¢

3. What did you learn in this move about why animals have

predators but the anemone fish probably benefits most.)

chgqgéd during the course of evolution?

(They ﬁEbd to make adaptions to:
d. avoid being eaten v
b. e able to get food\.) 123
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@ | acwiw i - mv-cass
Objective: To Jearn the parts of a fish and to see how the variatigns ¥
of the#e parts dictate lifestyles.
Materials: Provide several different kinds of small reef fishes from a
fish market. (Allow $2-$10 depen’ding on class size and time of year.)
g The fish mar‘ke't in Chinatown on the cormer of King and Kekau]ike”_Street
in downtown Honolulu offers a wide variety, especially in-the mornirg.
Since fresh fish are most plentiful in the morning when teachers need .
to be 1in school, you might want to tell your local ﬁsh:markeet what you
need a couple 'of days ahead of time so they can have it ready f;:r, you

to pick up the afternoon before its needed. It's ok if it's frozen.)

A good selection would inciude the following:

Butterflyfish Goatfish
. . Damselfish (maomao) Small parrotfish (uhu)
Surgeonfish . Bright red fish (u'u, awoweo, ala'hi)

’ 2 kinds of open water fish such as papio, akule, omilu or om1aka
. Any odd shaped fish such as rockfish (nohu), eel, flatfish or stickfish -

If you are not familiar with these fishes, ask the people at the Market
for assistance.

‘ngdure: You should have one fish for every 3 or 4 students. Put the
fish on newspapers on the desks. Use the accompanying diagram to teach
the parts of a fish. You can efther reproduce this on the board or du-
plicate copies for: each student or group of students .

Since each grc:up has a different kind of fish, it will be neces-

"sary to involve the entire cla;s in a discussion of each fish's differ- .
ences and simﬂar‘lties.; To cio_this, it is simplest to dj'scuss the fishes |
by their parts. |

. Name the body shapes Tisted one by one, asking which group has an

125

E7




example of each. Ask ‘the students if.they can guess what the different
shapes indicate about the,anima]'s'lividg{habits (where it ljves, what
it eatss etc.). if,a characteristic named fits a group's fish, they

should write this down to be included in a report on tbeir fish,

dorsal fin
lateral line .

tail

gill cover anal fin
pe&toral fin

pelvic fin

CHA@}‘CTERISTICS TO LOOK FOR:

Bod,g‘ Shapes: v . .

\ Long and skinny like an eel: An eel's ski&ny,p

slippery boa§u{s adapted for living in crevices on
the reef. |
Long and skinny like a stick fish: The stickfish's

g>r— long, skinny shape helps it to be unnoticed as it

stalks its prey, = -

Oval in éross-section: Fishes that swim at least mod- -
erately fast have a torpedo shdped body that is dval

in cross-section and narrowed at éhe base of the tail.

This shape }edudes friction and drag as it moves,

“w
through the water.

Larger on phe bottuﬁ in _cross-section: Fish withxthis

shape usua'lly sit on the bOLttCII'I. Their broad base . :
Q 12?
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X

. ~ gives them stability and their sguatness rec\ucés the
- shadow they cast, thereby reducing their visibility.

. % Flat body, like a flatfish:_ Flatfish are adapted for

burymg under & thin layer of sand, or blending in on

J/ the top of the sand.

/\ High, skinny bady: Fishes with this shape are able to
T -
t@ “, ) manuever in the tight spaces of the coral reef. Also,
. they are hard to swallow. ‘

‘ Dark on the top and light on ]:he bottom: This is a -

camouflage coloration {termed "counter shading") for

open water fish., A fish swimming in open water is

. | easy prey for other fish, as t;ere is no place to hide.
| ' However, if a predator -views this fish from-above, fts

dark back will blend in with the deep blue ocean

w'aKofi the bottom. If the predator is beneath 1t

looking up, i.ts_". th“t undersurface will blend in with

the lighter sunlit water above. ‘ ‘

. . Bright colors: Often, brightly colored fish-have a

reason for calling attention to themselves. Perhaps

is a “cleanjng” wrasse (say “rass®) advertising its
cleaning services. Perhaps it is a way of findin§ a
mate without rnakin;a mistake. Sometimes it is to
Took 1ike andther kind of fish that is avoided by

- | predators. ThZis called mimicry. Big dark spots
1

on a brightly ored fish may confuse a predator into




thinking they are the eyes of a larger fish going in .
. the opposite direction. '

Red Fish: Red is a color that shows up only in very

shallow, sunlit water. It is the first color absorbed
-,QSE;\:S by watéfu Red fish appear dark in Fhe absence of

light, and most shallow-water rgﬁ fish in Hawaii are
* ) x' o nigHt-time feeders. Many deep-water fishtare also

red or pink, e.g., onaga, opakapaka.

B Barred ;isﬁz Light and dark bars break up the sil-
—~1  houette ofia‘fjsh, because they 100k like the streaks
\f of shadow and light on the reef. This is called

“disruptive coloration".

- + .- g

Mottled Fish: Mottled ﬁeaﬁs to be covered with spots

and sireaks of different colors. Usually bottom

| dwelling fish are mottled in order to b]énd in with

_ the bottom. -

“*5;; White or light colored fish: These fish usually Tive

) ] in sandy areas. ’ .
@ Dark Fish: Shadows on the reef help hide the dark
.. r e fish. . K

Tatl Fin: High forked tail: A tail Tike this, with a narrow

reinforced base, is indicative%? a fast, constantly
swinming fish. Water flow over the body is enhanced

. by the narrow end to the body, but this narrow base

129 I
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Dorsal Fin:

Dorsal Fin
fo]ded in

Ay

also needs, to be v:ery strong as the tail is the main

method of propulsion. Look for reinforcement or

_ Fustruts" here.

Hidg,JrM tail: Slower fish have tails like thgel.
Ofte'r; f%/with wide tails use other fins, such as

the ;)gctor‘als, for propulsion. )
The dorsal fin in-many fishes has tﬁo part§, a spiny
ﬁar‘t in front and a softer portion' in the back. Press
your finger along the top of this fin. You will feel
the shapness of the spines in the front part. Near,
the back of the fin you will feel 1t becoté softer.
This fin is compos‘ed of rays. Rays are generally |
branched at their tif)s and are segmented' 1ike bamboo. '
Look for spines and rays. in other fins. There may be
one or two dorsal fins,

+

Dorsal fins that can fold down into a slot: Fast swime

ming fishes are able to reduce drag by tucking in these
fins. _ o

Large fleshy dorsal fins: ‘Slow swimming reef fishes
have larger dorsal fins, and they often %lare them

up in encounters with other fishes. -

Long, thin, fin: For fast steering.

' Short: wide fin: For propulsion.

Thick and fleshy fin on the bottom: For sitting on .

139 . "
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Pel v'ic Fm -

,

rs

‘\?‘\

LA

" Mo fin:

the bottom.

No fin:

b

Most eels lack pectoral fins.

Box fish, puffers, eels‘

Fins modified to form a littlg:peq orﬁénchor: Found
in trigger fish to aid them in wedging in holes.

Normal: ‘1 spine, 5 branched rays.

LY

Look for a thin line along the-middlg of the side of

, the fish. This is the Yateral linéJ(lateralFside),

and gives the fish the ability fo'sense vibrations
in the water. Both soynd and movement travel as |

vibrations.' Some fishes lack a 15¥8raf Tine.

[ ]

Long skinny mouth with small oPening at end: These
are for eating food from crevices or sucking up

a .
small animals.

Large mouth with large teeth: .Usually found on fishes

that eat other fishes.

+

Large mouth with crushing plates or molar-like teeth:

- For eating hard shelled animals.

Tiny, turned-up mouth: For plucking small fioating

animals from the planktoﬁl \

Tiny, mouth with flexible comb-like teeth: Ftll;

A

scraping algae.

Hard beak-1ike mouth: For biting live or dead coral.

x
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- ® . &il1s and G111 Cover: ; L

g Look into the gill area by li-‘fting the gill cover.

e

Gills are red because the many tiny gill filaments - .,

contain lots of blood-vessels. .Oxygen from the water

‘m} ) is aBsorbed by the giils to be used by the fish, and
; the waste products, carbon dioxide and ammonia, leave
| < the body by the gills. Gills do the sal'ee‘liuo.buag our

: Tungs as well as ha\fing a.number of other functions.
\ In fast swinming fishes like ahi ‘and swordfish, gitl
/ o filaments are fused together into a-plate to prevent
collapse at high swir.r_m'ing- speeds. . . .
. Fish: that have barbles ("ch‘ln whlskers") sear'ch for
@ﬁ their food in’the sand Nerves in the barbels help
s . the-fish sense prey. R ‘ l : »_h S
Spines - other than fir spines: ; | - .
M SEInes on head or taﬂ These can berused for: p:r'o-'

tection or in encounters with other fis‘hés o

-
a e
g

. No scales:” Fast sw‘l;‘lni‘l‘qgffi;:;ppea‘n to have no scales.

R Acteal]y they are‘ greatly, redut_:.ei’-l and Ican only be
seen with a microscope. This. ‘ls. parg of the general
bady streamlining. Many tide poo} " Fishes and cr‘ence
dwellers lack scales to allow flexibﬂ‘lty e. g eel“s

blennies. IR : .J

Scales: Reef fish usually have them They help

£

-

b . ) ' . N ?’ - -
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ral \ ; P 7 1 -
protect the body. . / . ) . .
| e b . il L N \ e
Nostrils: . / . o
) a , a @ These are,for,sme'l'ling,/not for breathing.' Fishes

- . ) i ks ¢ )
. - ) usually have two pairs. ’ . /

. Usually larger in nidght feeding fishes.

'

Now that you' ve' found ‘all “thest varioys body parts and discussed
their Gse’,— each student group should be ébie to ﬁiﬂi te a short report

"about the life they think their fish leads.

] . r .\’ - ~ \
ACTIVITY I11: In-cnass L e J
LT Qectwe To understand how a fish moves. ) ‘ . .

" Procedure:’ The movie, “F1sh - Master' of Movement" (10 im nJ “can be ob- .
tained from the main branch ‘of the State Libraryi They will take res-
" ervations for the f{1m up to or'telmonth ahead of the time it is to be
used aﬁc] willl loan it for 4 da’ys.;-‘Thi‘s mov‘ie expldins how the differ-

ent parts of the body are used in motion by a variety ‘of “Fishes.

QUﬁS’I’IONS FOR CLASS DISCUSSION . ‘ i - -

*

1. How is the shape of a'f'ish adapted to move thmugh the water ‘

. effigiently? . . -
2. What do'most fishes use their tail for?. )
,_,) i N R . A
- 3. What do miost fishes use their fins for? 3
4. Name some exceptions to questions 2 & 3. - - !
5. What daes a “swim’-or "air® bladder do‘forj‘a'_ fish?" H}ny is'it . '
SO s 133
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important? Fianei\thaf sit on the bottom a loy often don't have one.
Why?
TOPIC 2: FISH IDENTIFICATION e

ACTIVITY IV: In-Class .

Objective: To.be able to recognize some common Hawaiian fish families.

Materials: Marine animal slides are available-from your district office.

Procedure: Activity II will have heightened the student’s awareness of

the different shapes, colors and parts of a fish., This awareness will
be relnforced during this activity. -

Each slide has a number and a descr1pt1on of the animal shown
The following is a script using these slides, ‘and inc]udes information

§pecificﬁto;the points discyssed in Activity II.

\§lide # Description

146 ! Butterflyfishes are deep-bodied and thin' and therefore hard
tg eat and adept at maneuvering 1n tlght\places They
are often brightly colored with ye]]ow b1ack and white.,
Usua]ly there is a dark strip thr%fﬁg//he eye, perhaps
to nake the head less apparent

Large spots on the body may act as “false“ eye spots, con-

149
1
. fusing a predator about which end is the ﬁead of,;he fish and
‘ its size. ; . C ’ ,'
144 Butterflyfishes eat dif?eren‘ things This one p1ﬁtis food
: _’f;m crevices. . | . )
148 This butterflyfish scrapes live coral tissce.
m _ Surgeonfishes ar; also eeepfbodied and thin and usually

live close to the reef. They are often dark colored and

-




&

109, 110

126, 127

128

. 122-124

17

120

-

“

have a sharp spine at the base of the tail which they use
aggressively against other fishes if necessary. Surgeon-
fishes have flexible comb-1ike teeth for eafing algae.

Hawkfishes sit on the bottom or on coral heads and wait for

-prey to come by. They have squat bodies and mottled colora-

tion, bath of which make them less visible to their prey’
Some scorpionfishes live like Hawkfishes. They sit on the
bottom and are camouflaged by their color and squat shape.
The leaffish is an unusual scorpionfish because it is deep
bodied and Tives dn the bottom. It mimics ﬁ\iféf'wafting
in the current by rocking back and forth as it sits on the
bottom. Smaf] fishes are fooled by this and are eaten

when they éomegioo close. | N
Anglerfisheselook like‘jﬁmps of colorful sponge or rocks.
They too, are bottom_dwe1lers, 1urind,prey to- themselves

by wiggling their modified first dorsal spine. This spine
resembles a small worm on a thin fishing.pole. They show
the squat bottom dwelling form with comouflage coloration.
ﬁrasses have cigar shaped bodies and broad, slow swimming
tails.” They usually swim with their pectoral fins. Nearly
all eat benthic (bottom dwelling} invertebrates. ‘

}he “cleaning wrasse” is an exception to the last statement.
It is highly ;pecialized in size (smé]]), color (bright

and sttinctive), and mouth structure (adapégd to pluck..

/ o fom
parasites from the skin). It stays in one area on the reef,

and other fish come to it to have theia parasites” cleaned

L]
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132

137-138

; 141

107

104-105

Y

01

-

Fy

o, ,

y of the tropics other small fish mimic the size and c010r

-

they were going to eat a small fish, and suddenly find a -

strong crushing plates instead of téeth, and lack pelvic fins.

Bfaces. These fish secrete a poison.into the water uhen

off. Fish do not eat this cleaner, and in- other parts .‘___...,\\}
v

of this fish. and when a fish comes toJJe ¢leaned, they

take a bit out of i‘t!

Moray eels have elongate, slippery bodies, and usually

mottled colors.

Some eels have sharp teeth fOr’catching fishes.

o
‘Other eels have blunt, ctushing teeth for eating animals

with shells. A1l Tlive in crevices in the reef.

n>

The Trigger fish or "humu humu® is a slow swimming fish
that dives inte a hole when frightened. It has a strong

spine on’the top of the head above the eye. which it can

“erect to help wedge 1tse1f tightly into its hinding p1ace

It has a very strong head “and teeth for br‘eakin‘g up shelled

animals. Notice the absence of pe]vic fins. o

Pufferfishes are also slow" suimer‘s " They protect them- -

SeWes by their ability to puff themseres up to a larger
size. Perhaps this discourages predators whofhdﬂg/hq

-
larQer fish. ﬂso, -puffers are ptyson.ous. Some puffer- —'

fish are covered with spines (no ¢11de). Puffers have

Boxfishes have hard, box-]fke bodies and teeth . on the —

Tower part of th‘head for scraping food from hard sur-' -"fm

excited or frightened and for this.reasen are not.good __ . -
: \ ' L ®
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ACTIVITY

" Two

f ='I'.

_iZoqinutes; 16 -mm sobnd—goloﬁ film. This film is available

Y

in aquariums.®

"Cowfishes are close relatives of boxfishes and also haye

§

a hard, bony body .

Aweoweo is a red.figh with large eyes. It hides during

the day and feeds at night. Lo "'

quirrelfishes are also red and have large- eyes. Ttsy too

hide in caves during the day and come out at night to feed.

‘" Edgle Rays are sting rays that Spend most of their time
swimﬁing over the reef. They have hard, bony pléﬁes Tﬁ
their mouths for crusWing bottomkdwelling:epipals. Other
kinds of sting rays lie buried in the sand.’;The large |

- Manta-ngiﬁs related to the Eagle Ray, bqt,lécks a sharpz .

‘spiné at;phe‘base of fhé tail. Mantas eat-plankton, ﬁsing

.fhe large flaps next to their mouths.

N

- -

v -‘Initlas! '

new audio-visual aids about local fish ecology are available:

“Ecology of Coral Reef Fishes" by Edmund S. Hobson is a two-
part color-sound film strip. Part 1 is 50 frames, 11 minutes;

* and part 2 is 44 frames, 9 minutes. This filmstrip is avail-

able through your district office. “w 7

"The, Soc#al Biology of Butterflyfishes” by Ernst Reese,-is a

\ﬂr‘qthrough from Department of Eduaatiop Audiovisﬁal Services

' \\Unf£.7 Make drrangements to'borrnw‘phis film well in advancé.

\
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o TOPIC 3: FISH AS A SUBJECT FOR ART' -
ACTIVITY VI - IN-CLASS | .
——

" The fish used in Activity II can be used furiher._
1. You can cook and eat them;

2. You can use them in the following art activity.

- - Gyotaku: Fish Printing ' | o ,
f . ‘ ‘' Materials: f
‘ fnd!a or Sumi ink
Ps}nt brushes (n&. 8 or ) inch sizé) ;
" A thin absorbent paper, ;uch as Japanese rice-paper, paper

* i towels or newsprint. ‘///ﬁ\\‘uhiﬁh
. B ,

Freshly degg fish.
Procedure: - ~
'(\; 1. Rinse the fish and.dry it. If the fish is covered with .
" mucus,. remove it with Soap*and water. ” j
* o If you ;ant to add color to the fish_priﬁt iater, record

- mhere the various colors are located on the fish used in

printing. . .o Y

A ]
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3. Brush ink completely over one side of the dry fish, but
do not paint the eye., The ink should' be heaviest around
the edges o% the fish and lighfest in the center.

4, Press the paper on the inked fish, emphasizing the out-
l}ne.

»>

5. Peel the paper off carefully and let the ink dry. Add a ¥
dot Yor the eye and any colors you wish,

Fish printing takes some practice, but can yeild satisfying

results even to begiﬁners. |

Reference: Sea World Magazine, Fall 1977. . [. ‘
- 4 . L

T ' Y
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FIELD TRIP VI - SEA LIFE PARK

Inspructional Goal

Students will demonstrate an appreciation for the interdependence .

T

of 1iving things in the closed earth system.

Instructional Qbjectives

Give examples of how an organism depends on
its ability to adjust to its environment.

Explain how people make the most of their adaptations
through the use of their ingelligence.

'PerfonnEnce Expectations

S¢, SS, H

S¢, SS, H, .

Uses a variety of resources to gain idfoﬂlation on environmental matters.

4

Conducts simple investigations to gain first-hand information on

environmental matters.
: AN

Integrates information gained from resources with information gained
. through direct experiences to develop understanding of environmental

‘matters. _

Essential Competencies " e

Reach reasoned sotutions to commmn]? encountered problems

Use resources for independent learning.

14; .
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© TOPICS DISCUSSED:

1. OBSERVATIONS OF LIVING FISHES
2. SHARKS AS FOOD

FIELD TRIP SITE:

Sea Life Park occupies a 62 acre site on the wiridward side of Qahu.
It is located on Mak;pMo_int, opposite Makapuu Beach Park, on Kala;@.ﬁnaoie
Highway. The park sits on the youngest lava flow on the island.

Special arrangements can be made to visit only the reef tank for a
reduced price. Call Sea Life Park's Waikiki Sales Qffice, 923-1531. Sea
. Life Park will send you a handout titled “A Student’'s Guide to Sea Life
Park® when yoﬁ book youF tour.

The Park‘bpens at 9:30 a.m. and shows in the Reef Tank are at 10:10,
12:00 and 2:00. During the show the fish are fed by a diver while infor-

mation about the animals is given over the PA system.

Kaohikaipu
Island

Pacific Ocean

D ST

"o SEA LIFE ©. TG

.."c “-. .» ) PARK .:. ' .
- . ‘
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INTRODUCTION: ’ _ @

.The "“In-Class Field Trip" was designed to teach students to make

. meaningful observations of fishes. Given a living fish in its natural {

environment, students shouldbe able to deduce how it "makes its living"-
where it lives, whatrand how it eats, and how it protects itself. S1nce
a snorkeling f1e1d trip to view fishes in their natural environment 1s
not possible for most classes, the Reef Tank at Sea Life Park will be

* -

used as an observation site. {{

PHYSICAL ODESCRIPTION:

The reef Tank contains 300,000 q@l]ons of water ane hdedreds of
fishes. MWater for the reef tank, and al]ﬂexhibits at the park is pumped
in from wells of f of Makapuu Beacﬁ. ‘
The Reef Tank is designed to provide many different reef environments . .

.including caves, sand patches, rocks, a few coral heads, arches, open

water, and even tidepools. Since the tank 1s large and provides a diverse
topography, it is ﬁossib]e for a fish to find a reasonably natural

habi tat, enhan&ing the students' bbser;ational efforts.

BIOLOGICAL DESCRIPTIUN‘

The Reef Tank houses a 1arge number and variety of Hawaiian reef
fish, ranging from the tiny cleantng wrasse to large sting rays and

sharks. - The many colors, shapes and sizes of fishes occupying a wide

S ‘
E A . -

TOPIC 1: OBSﬁ{\'ATIONS OF LIVING FISHES ‘ ) ‘ .

vérfety of habitats are easily seen by students.

If the students have done the activfties given in the “In-Class

o
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Field Trip" they will be familiar with the concepts used in the following
activities. If not, provide students Qith a_sketch showing parts of a

fish such as the one on page E8.

b -

ACTIVITY I - On-site

Objectiveé To observe living fishes and draw conclusions about their
lifestyles. -7
Materials: Each student should have:

sl
N

Clipboard Z/fi
2. A few sheets 'of both drawing and writing paper.
3. Pencil

£

Colored pens or pencils
Procedure:
Have students observe‘the fish in the Reef Tank for a few minutes,

and then do the following:

1. Pick one.reef fish in the Reef Tank and observe it for a few
minutes. Do not use a shark or ray for this activitx..

2. Draw a picture of 1t in outline both side view and cross-section.

3. Indicate which fin or fins it uses for propulsion,

4. Draw in its colors.

5. Where is it spending most of its time in the tank? (In caves, or on
the bottom, high in the water, etc.) |

6.. Is 1t.swimming alone or in a school?

7. What shape is the tai;? What does this tell you about the fish?

8. What is the shape of the pectoral fin? What does this tell you about
the fish?

9. Are there one or two dorsal fins? Do yo; notice the fish using the

dorsal fiﬁ during encounters with other fish? {(e.g. fla}ing it up)

Fal A
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10. Does the fish appeér to be eating*anything?w;ioonft count the foo&
from the diver.) _

11. Does the fish have a large or small mouth? What do you‘think it
eats? .

12, Are the eyes large or small in comparison with other fishes?

13. From your observations what can you tell about this fish's Tlifestyle
and habitat? T

14. Do yoh know the name of this fish or the group of fishes it belongs
to? What is it about the fish that helps you recognize it?

SHARKS !

1. Draw a shark.

2. HName the fins.

3. Compare the placement of the fins to the fins of the other fish you
‘have drawn. "Which ones are different? How is the shark using its
lower body fins that is different from your fish? v

. 4. How does the shark propel: his body? o

5. Fish that are strong ;wimmers have a Tot of body muscle, and are
US@ally prized food fish. 08 you think sharkg would be.good to eat?

. Explain. “ '

6. What color is the shark. Is its color more similar to reef fishes or

open water fishes?

7. How many gill open%ngs does the shark have? How many does your fish

have? '

8. Are there any other structures agsociated with the pelvic fins. (The.

male copulatory organs are attached to these fins.}

Fé,




RAYS N

——

1. Draw a ray. ? o >
2. How does. it swim? How does its style of swimming comparé to thqz of
. afshark? ‘
3. The tail has a sfinger at the base, can you see 1t? .D;aw it in.
* 4. How many gill openings does it have? What other fish has gill
openings like this? ‘
5. Where does this ray spend most of its time in the tank?

6. Does its color help adapt it to its habitat?

TOPIC 2: SHARKS AS FOOD . .

ACTIVITY II - In-class . et

Objective: To acquainf the'sthdents with tﬁe 1d;a of shark as food.

Materials:

1. Obtain a copy of "Ono Hawaiian Shark Re-cit:es:l from University of Hawaii
Sea Grant Marine Advisory Program. ‘

2. Shark meat from a fish market

3. FElectric frying paﬁ

]

4. Food items called for in the recipe of your-choice. , - )
~ e * -
i . .
) . . .

. Procedure -

#

Use the "Ono Hawaiian Shark Recipes" book to introduce students to

the idea of shark as food, and to find a few recfpe§ that ‘the class

would enjoy preparing and eating. Shark meat is'very géﬁd, and you |

-

should have no qualms about eating ig.;

F7 .
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FIELD TRIP VII - KUALOA REEF

L 4
Instructional Goal ‘ ’

Students will demonstrate an appreciation for the interdependence

of living things in the closetl earth system.

-
-

- Instructional Objectives

Give examples of how survival of an organism depends on
.- its ability to adjust to its environment.

" Explain how people make the most of their ad,aptations
through the use of their irlte'l'ligence
+Collect evidence showing how' the “balance of nature" has
become upset with the removal (or addition) of a species
from (or to) an eco-community.

. Explain the complexities of an eco]ogica] problem within

, @ given ecosystem. :
Identify an ecoiogica‘i{w/obiem in the community and

+design a program to cdrrect it.

Formulate a hypothesis about how changed 'ejnviromrfmtal
practices may affect the ecological balance.

| Discuss how the manipulation of one environmental
element. affects all elenlbnts. -

Suggest ways to guard against detrimental environmental
manipulations of ecosystems.

*

Performance Expectations

Us# a variety of resources t‘o gain information on environmental matters.

Conducts simple investigations to gqin first-hand infonnation on
environmental matters.

Integrates infomatwn gained from resources with information gained

through direct e nces to deveIOp understanding oF environmental
matters. ) ‘

 f




[34

Identifies state and féderal governments agencies primarily concerned
) with environmental management or control. ———

-

Idantifles nbn-government groups primarily concerned with
environmental matters. ‘

a . . . 35 L)
Describes responsibilities of state and federal agencies for ‘#-»
environmental management or control,

Describes the functions of non-governmental groups concerned with

environmental matters. ~ P
Identifies state or federal law designedfto protect people and the . )
. environment and discusses their effectiveness. \
A g

Cites examples of negative and positive ways human beings can change v ‘
the environment.

. ) |
Identifies specific contributions one can make to help human beings
live in harmony with the environment.
Essential Compatencies
Reach reasoged solutions to conmmonly encountered problems.
Distinguish fact from opinion<in TV and r?;adio news broadcasts, adver- e
t75ing, newspaper and magazine articles, and public speeches. oo .
Use. resources for independent learning. . L

Demons trate know]edge of the basic structure and functions of national .
‘state, and local. governments. .

Demonsga knowledge of important citizen rights and responsibilities.

-+
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TOPICS DISCUSSED: =~ .
1. WHAT AN ALGA IS. ‘
] I ) - ’-‘-_’_/
2. SOME OF THE WAYS.IN WHICH ALBAE;DIFFER IN FORM. . ’

“ 3. DIFFERENT°ALGAL- FORMS VARY IN ABUNDANCE. SOME TYPES ARE MORE
FREQUENTLY ENCOUNTERED THAN OTHERS.

4; ‘HlHAN IMPACT ITS EFFECT ON ALGAL POPULATIONS AND sor~1|-: OF THE WAYS

THAT ALGAE ARE USED BY HUMANS.
. '{ ’ ¢
| FIELD’YéP SITE: -

'Q(ualoa Regional Beach Park is on the north end of Kaneohe Bay and

can be reached from Kamehameha Highu'a}’(Hig-huay 83). Once you turn into

the park, stay on the,goad that parallels the beach. A large parking

area is located a short distance down this m‘a, 5ust past the right-

-

hand turn-off to the camping areas. The park has an extensive lawn area

and a narrow sandy beach. Facilities include restrooms, showers and
drinking fountains. Diring a low-tide of less than % foot, water depth

‘nedr shore is less than 3 feet.

)-Chinaman's Hat
l(ua!oa Regional Park : é\
\ Field Trip Site Kaneohe Bay

4-Mol1'i Fishpond

Kamehameha Hwy.

. . L e SN
- . To Kanephe . . &
N O LT
. . . . ‘.

o~

&4 .

[
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, PHYSICAL DESCR_IPTIQN: -~ ;

*

INTRODUCTION

1

«  Algae' are of primary importance in the marine environment. They

-

-
assume the role in the sea that teyrestrial plants fill on the 1ang; they

-

begin the food chain. Algae are also impurtant as reef bui]dersland
sdand producers a‘nd provide habitats for jnany small marin; an'inlals. -
In Hawa‘ﬁ, algae are us¥d as Hfood, and the word "Timu" means
"e‘dible seaweed" to most people. However, the definition in the Hawaiian-

English Dictionary.by Pukui and Elbert is much broader, including "all

- kinds of plants Viving under water, both fresl and salt, also algae growing

" in any damp place in the éﬂ.r" In addition to their use as food, algae

" have also been used medicmal]y and in religious ceremonies by Hawaﬁans ‘

r _/ ) - z/

ya

- The I(ua'lo_a Regi.mll' is located at the northern end of\?neohe
Bay r\ear the old Sugar Ihll vuins, It is bounded by Kamehameha. Hjghway
C——
on the north, by the Paci ean y the east, Kaneohe Bay on the south

and Molii Fishpond on the wes. Chmaman s Hat" (Mokoli' i) island is a
short distanee offshore and can be r‘éa ed by foot during extreme lowtides.
A b‘r'o_ad,‘ flat reef extends about-a third of a mile offshore. A deep

water channel enters Kaneohe B?Z_/at the edge of this.fri‘nging reefy .

providing clean “ocean water at this end of the bay.

. BIOLOGICAL ODESCRIPTION: —~

. The reef at this site is extensive, shallow and ;noderate'ly protected

Y

1 "Alga" is singular and "algae" is plural‘.-

N
]
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from ocean swells. A wide variety of algae grow on the reef and many

different gypes“can often Be found washed up on'the beach.

L

" TOPIC 1:  WHAT AN ALGA IS

-Marine algae, or seaweeds,.%}Tl the same role in the sea that //”#'—’##’f”/ .

terrestrial plants do on.land; throud# the process of photosynthesis
they are able to use the sun's energy to produce food for themselves,
and in turn, are utilized as food by animals and humans. |
Marine algae, like land plants, need sunlight, water, nutrients,
uprightlsupport, and & means of distributing their reproduc}ive products.
However, since water is quite a different medium than gir, marine algae g
are very different from land plants. ' N
Sunlight is absorbed quiékly and selectively by seawater; the longer ’
red, orange and yéllow wavelengths are ;emOVed first, 1ea;1ng
on]& the shQrtér blue and green. The results of this are that photo- .
s}nthetic 'plants’ can only live in a very narrow”sunlit band near the
surface of the ocean and that deeper than a few méters pfants must have
speciali piqmengg capable of utilizing the short blue and green wave-
lengths. Thjs isfbne of the wa;s in which seaweeds differ from land
plants. { ' , )
Land plants absorb water and nu}r}ents by means of their root system.
Algae tack a complex root system. Thgir water and nutrients are g]]
around thgm,‘to be absorbed as needed. Algae have .a structure Far
attachment, called a holdfast, which shou]d not be cohfuseg with “roots".
Verticality in the marine environment is achievedtby gas bladders P

|

or trapped gas bubbles providiqg buoyancy, or internal cellular prgséure .
] , 4 e (') . « 8
T

. .. " 1§3 ‘

b
‘.ﬁ

s
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® making the algal body "turgid® or stiff.
Dispersal‘of reproductive prpoucts oflland plants may involve bright
‘ ooIOrs. polien, birds and bees., In contrast, reproductive products
of seaweeds ere shed into the sea with currents as their means of transport.

Algae'are #dapted to a different environment than land plants, and their

t structures differ.

Parts of an alga:

¢

frond
or
blade

> thatlus

- stipe b

[

- “holdfast

. * ACTIVITY I - Pre-Field Trip
‘( Objective: To understand the differences and similarities between algae
’and_land plahts,

Procedure: Use the preceding general information as e\basis for under-

‘stand1ng the. maJor differences and s1nﬁ1ar1t1es and to direct student
S D

reports and discussions. Have students present short oral reports on
the” following top1cs. andfpr other related topics which seem appropriate
\ :

to you. ° . :

1. Nhat is phOtosynthesis?

. T 2. Hhat are primary producers? ﬂ
a . -~ \
o " o~ 14 * - -~
15
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3. Explain the absorption of the color, spectrum in water.
4. What are p]ant pigments? Do algae have the same kinds as land

plants?
5. How do ;oQtS”work? Why don't algae have roots? /ﬂﬂ)
6. How do lsnd plants reproduce? How do algae reproduce?
1. Compare the parts of a pl;nt and the parts of an alga.

- -

¥ P
« TOPIC 2: THE DEFFERENT FORMS OF Al GAE

Traditionally, the algae are divided into major groups based on their
pigmentation. In many cases it would be difficult for students to decide’
{ to which group a-particular alga belongs because its cOloration would be
<deceiving. For this reason, the activities dealing with identification !
'of algae concentrate on form and certain ecological features. A pre-field

} . e
trip slide show and an identificaﬁion key (see appendix) illustrate the
major forms.
b
o

e ‘
ACTIVITY II - Pre-Field Trip

. 3 .
Dbjective: To be acquainted with some of the various forms.of algae.

Procedure: Your district office has set of slides of algae which are
"numbered. Use these slides to give the follewing introduction t?/glgal

forms. (Script prepared by Paula Busse.)

¥ ox

Slide # -
Traditionally, the algae are divided into major groups depending

“+

[

on their pigmentation. The major groups inglude the Blue-Green,

*  Green, Red and Brown algae Hhile the Green algae are most
- R 3
) . ; S5
N ‘ .
" s ) G638
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n
58

105

116

a4
35
53

16
61"

57
63
91
24_
20

o

79

. 96

25"

*

always a shade of green, and the brown algae are almost a brown _

hug, the Red and Blue~Green algae may provide some confusion.

This is a Blue-Green alga,
while this i; a Red alga. In our presentation of the algae,
lherefore, we will concent;ate on_the Yarious forms * rather than
using ihe more.traditional approach. Some algae are fairly
fla;tened or‘compressed. Examples include this iridescent Red

r

alga,

r L]
this Brown alga,
and this Green alga. A basically flat, but jro]léd-up' alga
is this one. '

Some thread-like or feather algae are this Blue-Green,

this greeﬁ,

and this Brown. -

B . ' .

Some algae are Bush-like. Some good examples would be

- this one,

*
or this

and this Red.

Some a]ﬁae,are hollow aﬁd'tubulan. T

and still others .are finger-like..

Not all algae are as smooth as those deséribed so far.
Some algae are comﬁbsed'of segments which may be flattened
and bead-like,‘br ) ’

otherwise. . ¢ s

E Many of the segmented algae are covered with lime. This

‘particular seaweed is one of the producers\of beach gand.

- 155
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29 This non-segmented alga is alse Hime encrusted.
Aaptber grouping may include bubble-iik; or glob-like .
7 alﬁae. A bubble-like alga is this small sbhere,
37 or this clump, b : )
36 this individual, f
22 or this cluster of bubbles ‘ . "/,,/’
41 . This seaweed is rather glob-shaped ' ’
19 and so is this sbecimen.
8 We have séeﬁ but a feu-?f the side variéty of forms %n the algae.

ACTIVITY II1 - On-site

Objective: To study the varieties of marine algae found on this reef flat.
Note: This activity is designed to fostér creativity and imagination.

glwhen algae are ected at the Kuaioa ReeF site, they may be

1dentified according to form by using the key in the appendix ~

to bhat section. Y

2

-

For ébis.reason we have left the "categories" of algae that the stddents

are looking for loosely defined. Use your own subjective judgemermt as to

) wbich algae fit each cbtegony and what constitutes "differences" ambng

algae. .
Conservation: Alert stddents to the fact that overpicking may be
deleterious to the ecolo§§‘of the reef; therefore, only take enough of
each’alga to demonstrate its characteristics.

Materials: Eaéb group of 3 or 4 students should have the following:

1 to 4 lookboxes (see dppendix of “Kewalo Basin Field Trip" for

-0 U | -
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o -

. ‘ instructions on how to make your own.)
/1 clipboard '
. 1 pencil *
.. 4 plastic bags - . !

1 piece of paper with the following 7 categoriés listed.
For tfle whole class you should provide 7 containers (buckets or larger
dishes) in which to display the collected algae. Each container

) should be labeled‘with one of the following categories:

Container
# ' N .

1. Feathery or delicate . " <1
2. Less than 1 inch tall . . ’(
3. Hard, crunchy or crisp . '\\

) 4. Bubble-like .

.- o 5. Branches with pointed tips; bushy . °

. | 6. 'F'Iattened, fairly large {more than 5 inches tall)

7. Hairlike (f#lamentous)

Procedure: ‘Divide students into groups of 4, Give each. group ‘the -

above listed materials. Students should g6 out onto the reef and look

fp: al‘gae that meet the above descriptions. When they find one, they |
sh_ou\ld,put it in their ccjllecti!gg bag, transferring it to the appropriate . -
‘ coptair:er-‘ when they are back on shore. Give 20-30 minutes for this
acfivi;y. When students are finished, go through the alaae 1|;| each
container and' discuss the variety of types fitting each of the 7
categories. Rank the tl:ate“gc)r-ies- by .t.he‘nunber- of di f%eFent algae

]

‘collected (see example).

1584,
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Example: _
Categories ' ggmggr of’%{;ferent kinds of algae in container ‘
" Pointed branches, bushy ’ 12 C | .
Hard, crunchy or crisp _ . 8
Feathery or deaicate ) 5

etc.

Some algae may fit 2 or 3 categories, which is fine,;as this is a

. subjective exercise.’

Some general cbservations that can be made are:
1. There are many different kinds of algae
2. Some kinds are very similar

3. Some kinds are quite distinctive.

ACTIVITY IV - On-Site

Objective: To 1gent1fy algae By usind an "identification key".
Procedure: Using the key to some of the common algae at Kuﬁ]oa Reef.
(see appendix to this.field trip), students should attempt to identify

some of the ‘conspiocuous algal forms.

Ecological Mote: Diversity .

You have.just collected and categorized a number of different algaé.
Some areas have a large number of different forms of algae or a high
degree of diversity; Kualoa Reef and the reef near the Néikiké Aquarium

and Natatorium ‘are good examples. Other shorelines have a low degree of -

diversity or support only a few kinds of algae.’

Diversity of algae on a reef of shoreline can often tell you a
great deal about that environment, as different algae have di fferent .

i,




ecological requirements {e.q.

light, salinity, wave action, etc.). Also,
the change in diversity over time oftgn indicates a change in the
environment, and in populated areas this chinge often indicates a SN
human~made ecological disturbance (e.g. sewage, freshwater run-off,

siltation, etc. See "Kaneohe Bay Field Trip" for a discussion of

ecological :95turbances in that bay).

TOPIC 3: DIFFERENT ALGAL FORMS VARY IN ABUNDANCE, Soqe tybes are more

freauently encountered than bthers.-

Some algae are more abundant than others in a given area. This
means that they are more freﬂuent]f encountered during a survey of a reef
area., The activity in this sect1on As destgned to i)lustrate th1s ;
concept. _ .

At first glance, the idea of “abundance" may seem very elemehtary,
but it is a very useful ecological concept. When the abundance of a
certain alga changes over time, it may signa) changes océUrring in the

environment. Abundance is 1nterre]ated with diver31ty (see preceding

section). For a specific example of the change in abundance of an alga

/

ACTINITY V -~ Abundance .

in Hawaii see Topic V, "Hian Impact".

bjective' To learn that different kinds of algae vany in
abundanqg. that at any given site some species wlll be very common ,

while others wi'll be less cannon
»

Materials: N

L

1. 0.5 meter (approximately) rigid sided squares or hoops--one for
L I !

each group. -
‘l
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2. Lookboxes-at Teast one for each group. {See appendix to' ". |
;a : "Kewalo Basin Field Trip" for‘_ixnstructions on making these.) ,
3. 1 clipborad, pencil and "Field Worksheet" for each group.
4. Hand lenses - at least one for each group.
Procedgre: i}iect-four yarieties of algae that you found in activity Ill.
Have students sketch and name the algae on the "Field Worksheet”, Divide
‘students into groups of 4. ~Each group«sﬂould walk 5 paces into the .
| water, plaog f;eir 0.5m rigid square or hoop on the reef and look for

’1$pecimens of the @lgae pictured on their "Field Worksheet" with1n this
area. This will be-"Sample 1". Count the patches of each of the selected

/ algae found and record the number in the appropriate box on the worksheet.
For Sample 2 walk 5 more paces seaward and again place the square or hoop e
on the reef. Sample 3, 4 and 5 are done the same way. ) .
When students have finished $ampling, 1list the tota] number of each
kind of algae recorded at each sample.site on a master "Field Worksheet".
Using this master workshéet, have students answer the following questions.
Questions:
1. Which alga was most abundant overail? Least abundant? (//*”'”’f
2. Which was most abundant close to shore? Further out on the |
reef? - .
" 3. What are some ecological reasons why algae might vary in ™~
abundance in a given area? {wave action, salinity, depth,
siltation, substratum, sutrients and chemicals in the water, etc.)
[/’ //{/,/ . .
£y a
18] ) ®
’ | =
Q . ” ) :
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KUALOA REEF

SAMPLE #

FIELD WORKSHEET - ACTIVITY.V
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HUMAN IMPACT, ITS EFFECT ON ALGAL POPULATIONS AND SOME OF THE
WAYS THAT ALGAE ARE USED BY HUMANS

TOPIC 4:

This section includes an examples of "human impact”, illustrated
by the story of Acanthoghorﬁ, an alga acz}dentally introduced to Hawaii .

’,.../
in the early 1950‘5 Also include is information on the human uses of
g‘;/’ﬁ

In 1952 the alga Acanthophora was found in Pear1 Harbor.

algae as food'and art.

This was

ACANTHOPHORA

the first recorded collection of this alga from the Hawaiian Islands.
In April 1953, a piece was found washed asE§§e at Haikiki. By May of
1953, it was abundant 1p Keehi L;goon andeéuqla;

Acanthoghsra eventually became common on the leeward Coasts’of Oahu.
By June of 1956, it was very common in Moku%eia"and a well-known botanist
familiar with the reefs in that area made the follqwinq statem;nt,
“...ubiquitous some distance within the reef; observed very rare here

3

This is first time aggressive marine alga threatening native

last year.
kinds" (Doty, 1961).

| In a very few years, observers watched fhis alga spread from one
site in Pearl Harbor until it encircled Qahu and increased in “frequeécj
of observance and density of standing crop" (Doty, 1961) (i.e. it was

seen more often and in larger amounts). By 1§6] it had spread t6 Kauai

//—-

and to one site onslLanai.

Where had it ‘come from? Doty (1961) surmised it had been introduced

to Oahu on the bottom of a boat, as it was previously known only from

? -
« the far western Pacific (Ponape in the Eastern Canﬁjine Islands was the

T . . N ” %
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Guam, may provide an exaﬁp]e of the more specific type of event that :

'éffects on the native species.. (Besides theblibraries, students might

.

closest island to Qahy it was known from). Boat traffic had increased

in Hawaii during WW II and the Korean Conflict, and it could have been -
brouﬁht in then. Many smalf introductions during the same time period

possibly provided a sufficiently large inoculation to establish the ‘

species. ~ . ) ‘ '(

A heavily fouled barge, the 'Yon 146', towed to Pear! Harbor from

led to the establishment of Acanthophora in Hawaii. One heavily 'fouled
bottom' could have provided a sufficiently large inbcu]ation'for the
species to become established (Doty, 1961).
The first two co]lectiéﬁs of this alga were founq 12 and 30km
respectively from where this bargt was drydocked and ﬁér bottom scrapéd.
This vessel was 200 ft. long and 56 ft. ?B beam. = Growths on her hull
were often 3-8" thick, hThis barge was also menfioned as a.possibie
meqn; of introductign for various fish a;h invertebrates. Other'animals, /

such as je€llyfish, are believed to have been tﬁtroduced from the Far

East on boat bottoms during WW II. - .

ACTIVITI VI - In-class (either pre-or post-field trip)

Ll

Objective: To learn about the consequences of infrpducing non-native 4
plant and animal Tife to Hawaii. / ‘ ~

Procedure: Have students find examples of other accidental or intentional

Mt

introductions of non-native plants or animals to Hawaii and any known

-

try the Sie;ra Cf;b, Audubon-Society, Dept. of Fish and Game, etc.'for

this type of information, see Appendix Environmental Education K-12 e ¢

Curriculum Guide.) Discuss the pros and cons of these'kinds

o d£3 .
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of introductions; i.e., effects of the introductions, how to preyeﬁf‘/‘

acgi@enfa] 1ntroduction: established laﬁs and rules regulating intro-

ductﬁons. groups an&\agencies involved in regulating introductionQ{ .

+
2y

_ACTIVITY VII - Algae pressing . .-
Objective: To learn the art ofﬁpreésing algae. This technique can be
usea to mgke a ﬁérmanent collection of algae or-for-art projects.
Materials: ° " ’ -
1. Botany filler paper, available at-most stationg;é.
2. Stiff cardboard squares, a little larger than thi 8% x 11 botany
. A - .

paper.’

3. ' Cheesecloth, clean smooth cloth rags, ofawaxeé—paper.

4. Newspaper o
‘5. large flat pant!izzmsééwater. T
Procedure: S '

L

Pressed specimens make interesting collections and are often quite

e
attractive. Use this technique to decorate notepaper with small or de]iﬁafe

a]gae: or to press larger pieces for framing. Presses may be assembled by

using cardboard squares, cioth or waxed paper and néewspaper. Specimens
" are floated on ;‘piec& of, botany paper in thé’flat pan, then removgﬁ
and covgred with cheesecloth, cloth or waxed paper. This mounted d1gae
is sandwiched between newspaper and then cardboard. These units.are )
then stécged and boards or other stiff material are placed on the top

and bottom.as reinforcement.' The en}ire press is then weighted'down
heavi]& or tied tightly: This pressure flattens the a1§ae as they dry.
Drying will takenfrum 4 days‘to two weeks . Newspaper should be changed

»

to reduce fungal growth. Two to four Hays is a reasonable period between

"\p , T}
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changes. More JEtailengnformation on this process is available in

r

L

Hawaiian Nature Study Program Reef and Shore Teacher's Guide, pp. 26-31. .

v
. L

bCTIVITY VIII - Pre-field trip .

bbjective: To become familiar with the algae commonly used as food in
Hewaji . _ _ ‘ T A
Procedure: Your district office has slides of Hawaiian seaweeds; There
is a set of 16 slides titled ?Comeon Edible Hawaiian Limu". Show these
to the class prior to the field trig to acquaint them wi}h the edible
types.‘ The fo]lowiﬁg are commonly found on Kualoa Reef:

1. Gracilaria coronopifolia - Limu Tanahea ("ogo")

Grateloupia filicina ~ Limu huluhuluwaena'

Ulva - Limu palahalaha or sea 1ettuce o BRI f'

=B w N

Enteromorpha - Limuy ele elé |
5. Laurencia - Limu mane'one'o (A favorite of the ancient Hawaiians.)

‘ s
6. Dictyopteris - Limu A7poa (Unpleasant aftertaste. Used by ancient
Hawaiian in time of. famine.)

7. Sargassum - Limu kala (Exce]lb{t\ir/ied like potato chips.)
8. Codium (Tastes like opihi.)

9. Acanthophora .
10. Hypnea - (Tastes Tike ogo but rather fine.)

-

Deecriptions and sketches of“these a]gaeqare availgble in the key
in the appendix. Information regardjng algae as food, algal myths, and
ceremonies invo!ving algae can also be) faund in-LIMU and The Linu Eater

(See, reference section at the end of the appendix.)
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ACTIVITY.IX - Onesite or In-class ‘ o .
Objective: To prepare and eat a limu dish. . N
Procedurg: ‘Qtﬁdents in your class may be fami®ar with 1imu as food - A
or may have a fami]ylmelrber,dir“i’riend who is. If so, perhaps they ~ -
would be willing to help with this activity. 'Equipment and supplies - ’
needed depelnd upon the regipe se]ectedg/
. Becipes for dishes that include algae may be taken frdm the those
cited in the appendix or from outside sources. Some ofr.phese recipes may be
. prepared i; the field using the algae the class is likely to collect.-H - ;
Bon appetit. \ ' . ' \
s - : ' ¥ .
. . \ A
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", allowg for the alga to.spread out, etc.

X Appendix
- .t ‘ ¢ ‘ L]
Key to the Algae 6n Eﬁ%loa Reef
\ . s _\
. b

AN

Preliminary Note: o ~

‘The various features of many algae may be,ﬁ;:a“easily observed when

L]

the specimen phas been placed inra vessel containing seawater. This is ,

particularly true for some of the limp or finely-brancheyt forms as it

¥

In each case, choose the set of descriptors that best describe the

- ¥
specimen you are keying. When you have made your selection, proceed to

the 1etter’5r number given.to the right of that‘set: Sketches. have been

provided to assist you‘in mak ing youf-decision where it was felt that

tﬁey were needed.

L
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- ;This section was taken from Field Keys to Common Hawaifan Marine Animals ‘ )
d Plants, Office of Indtructional Services, General Education Branch, ‘v
Department of Educat‘\on State of Hawaij, RS 80-92?9 : .

1 . ~ b . &

S




[

How To_USE THE KEY

Examine and familiarize yourself with your specimen. Ho{e its color,

size, texture and any other outstanding features.

The key to green algae (in the Pictorial Key for Common Hawaiian

Seaweeds) will be used as an example in this explanation.

Use the first

nuber on the left ‘'when you are told to ."go to #__ " in the explanation

that follows.

Start at #1 (Gree
of green algae.

n Algae, second page of key).
Read both and decide which fits your spec1men

E

There are two descriptioﬁs

In this

example we will suppose it fits the first description (it is a ¢alcareous
plant as determined by the acid/bubble test). Note “the number to the right
of this description. In this case, it is the numeral 2, so go on to #2.
Next to the.number 2 is the number (1) followed by the terms, cigar-shaped,
sectioned arid branching, and umbrella-like. (The number in the parenthesis
always indicates the description you camé from; 1.e. you came from the
number (1) to 2 - it tells you how you got where you are and where you

have been.) R .

- Read the descr1pt1ons at #2 (cigar-shaped, sectioned and branching, umbrella-

like).

Decide which fits your plants, and note its genus.

In this case,

your specimen is cigar-shapeds so it is of the genus Neomeris.
now keyed out ‘one sample and can go on to another. -

You have /,f '

" one time or life size.)

Again, start at the beginnlng of. the key at #1. This time your plént is

not ‘calcareous, so go on to #3.
Read the describtions at #3. Your-algae is branching, so go to #5.

The branches of your .specimen deqplop from a single hpldfast, not a runner,
S0 go on to #6.

Stnce your algae had flat branches and is lettuce-likeg skip to #11
At #11, there is only one choice, so your plant is of the genus Ulva.

Examine the draw1ngs and decide whether your particular Ulva i§ one of
the spegies shown. > {"400%" means magnified 400 times; “IX" mepns magnified

1% e
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P : “ Note

z_ﬂos't of the local species can be identified by their exter.n;l morphol ogy
and their color. Some 1imu are hard to key, therefore, cﬁoss-sectjgn‘

) preparations are necessary. Cross-sections of algal blades or stipes can be
easily cut using a razor blade. Place a piece of alga on a slide and hold it
with your forefinger placed at a 45° angle .to the slide. As you cut
cross-sections with the ra\zor blade. 1let your finger descend to 1ie flat on /
the . s1ide. This movement will push the alga forward as you cut. Cut a dozen

- sections as thinly as you can. Put a few drops of water on the slide to
float the crogs-sections away from each other. Put a cover slip over the
slide and move it gently up and down to further sepdrate the cross-sections. .
Examine the sections under a microscope. .

- KEY TO THE MARINE PLANTS o .
Marifle Flomwering Plant.. ..ccveiieereeeneeneeenececnceecarons Ha]ophﬂia- . |
Marine 8108€. .. 0. uuiiiiiiinnnnscecssssssscesccsanncsceascnnas 2
7 )
L
£ -
» -
/
',I{ ] " #
: T"- - _ \ Halophilia - - ' ¢
2(1) Plant Lo (AN .Green Algae.........pg. A-5
- . Plant brown, sometimes with olive, ‘
greenish or yellowish casts but "
o without pink tinges.............Brown Algae......... pg. A-10 ,
) - " Plant pink or red (including - Co -
. Acanthophora which is brown in - ) L )
_ \ ) 73 PO eeseeeos .Red Algae..........pg. A-15 . .
[ + Plant hairlike, dark green or R ,
_ blackish............ tesesssscens Blue-Green Algae....pg. A-23 -
g4 . , S
, ’ 172
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GREEN ALGAE

Plants calcareous (a crushed piece will bubble .

if placed in a drop of 6 normal HCL....vvvvvvsrsrivesl ' .
Plants not calcareous (does not bubble}................ 3
Cigar-shaped... ...................... T Neomeris
Sectioned and branching.......covvvivviininiiiinansan, Halimeda
UmbrelTa=TiKe. . oouuyiiiiiinesnrtiasensssrnnissnasassnnns Acetabularia
' } }

Neomeris 10X - Halimeda 1X . Acetabularia 6X
. !
Plants bubble=like.........ovv ittt it iannsnssn, 4 . \\jj
P]ants branChi!lg.. R R AR ] .aaa. aaaaaaa R R -5 .

' E
Mass of bubbleS.vss.vverrnenson.s e P Dictyosphaeria y
Small single bubbles with internal ’ -+
stringlike supports.....coivirivrrsrassnns Taeareeian .Bornatella ;
) - i
|

- vf\‘?{“

L ¢ ‘;‘
Dictyosphaeria 1X o Bornatella 3X
‘_A w / .
: 17gs L
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5(3) . Branches arise from runner (rhizomej ................... Caulerga
Branches develop from.a single
: holdfast, not a rumner............ e ieeieees 6 | .
. rv’
& Ly = . ! A
'x .ri :
Caulerpa spp. 2X ‘
. , _f'!j /‘ '
- - D, i . - s
* X-section 400X
- ( i . .
6(5) Branches hollow, in cross s@Ction.vs..eceeieeeioneeennse 7
Branches flat, Yettuce-Tike : ‘.
(X-section 2 cells thick)....!..... essrecieseseesren ne ; . -
v 1(6) ~ Bubbles in blades.or branches........... bireee e .8 . f/ .
' No bubbles in blades or branches.......... fesessaiianas .9 i
8(7) 'QOccasional bubbles, smooth blade margins..;‘....‘. e Enteromor ha' '_ .. .
Bubbles in each Hlade, margins irregular............... SiphonocTadds
; “ Lo Lo N
[ , 4 SN
o .
T e
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7. SR . 10X
Siphonocladus
s AT Plants not hairlike and in dense
) CIUMPS OF MALS ...t it iuiiirnrnnrennrorsssasssasansnns Valonia,
. _ Cladophoropsis,
. : : Microdictyon,
' / Codtum
Plants hatrljke.......oooviiiiiiiininiiiinoen, ayeaen 10
N E@W ~
o ya

A "

Valonia 2X
\—-—-——1

-

L

100X

C\ o




10(9)

- Non-septate branches

Septate Branches....

e,

-
R R L L L AL ]

Cladophora

T G268




11{6) Branches flat, lettuce-Jike

{X-section 2 cells tRhCk) e M uvuieivievrvonnanonns

v : o ! &
~- A ,,1

"Q . ) : ‘4 g29




BROWN ALGAE

Plants clearly brown, sometimes with olive or
greenish or yellowish casts but without any.gink tinges.

Plants resemble hollow TumMPS....covvevvnrnievoresnnnnnns 2

Plants not Tump-Tlike hollow MASSES....ocvervrvnnnns. ‘0.3

Plants look like a piece of brown swiss cheese.../....szroc]athus
Plants Took 1ike brown lumpy bubble without holes,..... olpomenia

-

!

-




3(1)

4(3)

-~

Rlant hairlike........ovvuuunn, ,
Plant not hairlike, blades flat ........................
*'.
R
1%
Eftocargus
Blades with tmd-nbs ................ e ae e
Blades lacking mid-ribs ................................
- T4

i - - . 7
Dictyopteris F_qstra‘li's 17 . " Dictyop ’ 0

T I ]
S e ' I,
. - ._ 63] - &
.-
J . ) L 1” LY -
. s '3.‘
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6(5)

i oo I's ?
) . 157 . :
" I3 ) - ) » -
. G32 )'Q »
L 4 . / * -
b R A N

L] /-,
L~ ‘
. Plant-with no stem running its length..... vt rreeaes )
_ Plant with & distinct stem running its length.......... 7"
Blade with Y-shaped t“. .- ...... e sereasssrereraararans Dictyota
Blade fanlike, calcareous....... P Padina
Blade with small dark bumps.....covvvenvnnsnnaransanans Spatoglossum




’ Sgatbglossum-“lm .
"Blade umbrella-like with rough edges.. .‘... Jurbinaria
Blade filat, plant often with berry-]ike floats... ...... Saggassum ’
5 b4 %
J ! ' v

- ‘r
) N
. *
\
- : ) ‘{
. ¢ « 4 * ’ ] L',\ .
e N Turbinarin e e
" . “-,, . ’ . ‘,o - L Ry - -
! LA L - ( ‘ ‘
<. , 631 184 s :
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RED ALGAE L

. a F /I'
Plant gelatinous and STimy.......c.vvvvvnavnss AR
Plant not sTimy:......ovvvnimennnnininninns, .7 ........
Branches and blades roundish................. deviovenes
Blades Fflat....coviuiiniiiiiinnnnirniniinnnnnns Seravssens
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. ' \ » "r, ¥ . i -

. g : | .
3(1) Plant partially (pliable), or completely calcified:
" {stiff); bubbles when placed in acid..............4 ! '
PLANt NOt CATCHARA. «oereenrnrnnansaresiveunnsnniiisid” ¢

4(3) - Plant"non-segnented.'..'L.;..,.‘...........................:.gmnoggngrus '
P]ant semnted.‘ L R .’. LR T I A B I N R R N R L R R ) - -
o . / I J L )
N . & / ' ¥ *
. " E
v ' ' 4 '
' ' N N -.
& - k
g : S
- . /.' '
{ i )
v ¥y
' » . i % )
\‘ A . ’ s
L | 2 _ Gymnogongrus 1X . : .
5(4) ‘rip Of ea‘Ch braﬂCh "itﬁ depf‘eSS‘iOﬂ-u..-..;.-;........-Ga]axaura ' - M i "j ’
l. T .rips‘ lack dep‘]‘ess‘ons.,..n..........c.....o.......c...'.s , . .l
3 - --"‘-\ y I . h + ' ‘I b '
~ 6(58) , ~Brancfiing is. dichotomous......0.... .. iipiiviiaiiy., . Jania )
. anching is pinnate....... B SO AR T 1 & [, §
‘e * ) R ) .
\ b
: -
i ~
5 . ,/’ .
v,
- ‘ .
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. . 7(3) Plants cylindrical in cross section........ IEEERRREEE 8
Lo , - Plants not cylindrica] in cross section.;}: ......... v 17

8(7}) Plants with reddish ‘band alternafing with 1ight band...9 .

T .o Centrgceras 40X ' VV
& . el b
. 5 M - . - hd i
. /s
> , Y
, ’
- Y . }
i e -
e 185 4
- ! /\ . .e-’ - .
r . DR .

Plants Without Bands: ... vnei oo vnnnnaedsrnnnas <1
: .y 9(8) P'lants not hairlike, redl bands 6n1y on branches........ Spyridia
\ . . -+ Plants hairlike, red s on both stems -and bra?nches. 10
. o . . ” .
é -
. ' * . Spyridia 40X L ' -
10{%) PPant with uhorTs of 2 celled spines at regular ‘
. intervals on stem......ovvuuvreerveernrioriarenanonangs Gentrocgrgs
' ‘ *Plant dacking whorl$ of 2 ce]]ed spihes at regular. o .
L 1ntervals ON SEOM. .. vvvivir e ivavogns P W \ ramium
- . e . et Ceramium
. ‘\.‘ . - # . . - B .
@ |
‘ - 7 \" - ) . ‘3
+ lt + L] L
l A 4 o . )
p » j U .
AT - {— - (' ] / . -
-~ , , 1] Ml i ‘ ) ’ i .
. ! . &> ]
L . . .
» , ‘ _
" ; .-
- . I."- .,' " s rs
Al v NG




o J\ .
/ ®
| s
" . 1 '
. -} :
. ¢ :
be . W  Ceranfum $ ,_
% : " . . ’ . : N\
1148)  Plant hairl¥ke..eei e eeeressn, BT 12
o l*?nt 0 LT 13 )
121) = plant. _pade up if tiers of! clongated gells of  * h.of .
pproitmately equal leRgth....i ... l..eiieiiiiiinnen. olysiphonia
Plgnt ﬁot a's agove ..... wedeaes T PP Er#ﬂtﬁsh_ -
' ) .
]
" Griffithsia 20X ®
3 o
r N\ “
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. / i
.Y ' ‘ A ’
13¢11)  Plant with sunken pits at tips of branches............. Laurencia '
@ . Plant without sunken pits at tIPS....coiieeinnisieninn. |7 B——
1 -
’ - /f L
i - . ‘ ' . ; a ’ J:‘ B
o \ ‘ Laurencia 2X | N N
14(13) Plant with branch fibs tapered to a point......... 1e00.15
N < . Plant not as above......... heesees ceeerereriaees L SR 16
15(14) . Plant with very few short branches......... perrreeens gracilaria
Plant with many shortened branches between
Tonger ones.............. Mececesetostsoconssosrnssnans

, L sf-‘icﬂar{a
. . T " ¥ . .
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F)

44' Plant s PricklY.ceeeeeensenns eeeenes edetecesssesasanse
Plant externally constricted..
- Plant vertically branching off rhizome

" Plant wiry and rigid
. % L

W,
b - i .
g x o ‘ 1
B o §
L 4
- k-
S
4
.
-
\ ’ r

€ "hyh
Acanthophora 1X

| 640

ooooooooooooooooo

-J

Acanthophora
Eﬁamﬁﬁa
sparagopsis
Iﬁn?el%ia
anieitia

L
-!I"
v
!
- -
] .

1
. ‘
1

-
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- d .
[ /" . . -
R . |
L] \
, .
Ahnfeltia ’
T?(?) Plant blades with ragged gpargtns.......................18
. P]ant b]ades with smom margins.......................]9
18(17) Plant with blades less than 2 im wide with
/ > reCurved tips‘....................‘-‘.........A........Desmia
' Plant with blades of over 3-4 mm wide, no .
recurved‘tips...................-.................,....hnaﬂsia_
- ;-,
- -'fj L3
i \

L3
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.19(17)  Cross section with semi-hollow interior................ Gratal{)ugia .
. Cross $eCtion COMPACE...cvvviereretearseeacncrvcenns e o0 RO
/ ) ! S
B * ’
R e iy -
=t X N’Jf\ ‘y(n 2N »
‘. ~, - / J “'k h ‘ \;:t‘ ..
N AT e
| . X4section 100X .
H ‘ .
f : : Grateloupia ; :
- ? "‘ PR _——— 1 e * - _——— - _
\ 20(19) - Cross section with small "cells” in center............. Geligium o
\ er;s section without small "cells" in center..........Pterocladia '
' &
= ' f .__l

l L
.'\",} et . Lo
AP @
DY ; )

b3 LN
NV v
LAY Fae
- N ;

X-section 100X: A typicﬁ'l Xrsection of ‘ \\ .
Gelidium stem, with the smaller "cells" ' }
packed in among the larger tissues. (A) ~
Small “cells” in outer part. (B) Small , '
= "cells" in inner part. - . ’
6 | N gelidiem ’ B
k !
.o : : }qf""‘,{'_r‘"" ) - i * .
- " Pterocladia 20X TN

. l.‘ ’ . » - : ,.-—\
ERIC, ... . BN T Y )/

*
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BLUE-GREEN ALGAE o
7
Hairlike_algae; epiphytic or attached ;
' . . -
Black to dark brown..... N Lyngbya
Greenish spots with white and greyoeooieerneiiiiiiiieinn. ostoc
L -
a . !
\
b,
——
N I
400X
1X a . 4 ¢
o i
¢ * « Lyngbya
. - (
. ’ N )
- \
' hS
e \
““ )
’
- A 400)(. ’
1X » e
'{- L ' F)
Nostod /
* : W\
1 ™~
\ \
N
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. Limu Recipes -
; ‘\/"/ . & .
L ‘vr!
Most of Hawaifan 1imu are edible, except the calcium carbonate -
. containing types; . Local preferences are based on texture, taste, and
1availab111ty recipes are basicaliy "pickhng procedures Boﬂmg
wate ‘is used to clean bleach, and remove the ’bitter taste. (Very few 1imu .
. #s require -thig). Boﬂing alfo softens the 1imu: The boiling time s
. -:-left. to the cook. - : .
1. Kim Cnee 0qo (Korean Style)} The Hawaiian name for this .
. 4 . limu s MANAUEA! The
1 1b. o £90 scientific name is*Gracilaria..
1/2 cup shoy v . ,
1/4 cup vineg
1 Tbsp. mirin .
Ginger, grated to taste)
‘Chi11 pepper, gratéd (add to tastei ~ :
Garlic, chopped fine (add to taste \

Clean ogo, and 1f necessary, boil the ogo for a short time in a pot Mix R «/
the seasonings and add taythe boiled ogo. May be bottled and kept in the /“--a
/“’refrigeritor . . " .

2. Kailua 0Ogo B :
1/2 cup red wine-vinegar } \ - - .
1 1b. ogo * \ .- . .
1 tsp. sugar ° ) <3
1 tsp. chives (diced green oinons) > k
1/4 diced tomato o
Hot sauce to, taste . _ ';
Fo1191. the ‘same directions as in the above recipe for Kim Chee Ogo. p

3. Pickled/Codium ’
‘\_/

172 1b. Codium

172 7cup Kine-vinegar .
1/2 tsp. s gar : ' -
1/4 diced t "

LS

Add sauce to- cleaned (usi ng only cold water) Codidm 1med1ate1y before

serving. ‘Codium toughens rapidly in the sauce.  Better stil] » try using
the sauce as a 'dip'f_. , )
- . J ’ ’ f r ’ -
» ’
-
' 19 , .
- ! < I - ._ -
'S ' ’ X e
; Ga4 .,
1" \ L { ) . . “
3 ' e R T
- . \ . '. \ t LI ) _._— . a
. it #

The Hawaiian name for this
Timu is A'ALA'ULA or WAWAE' muz
-

.







. Limu_Tsukudani: {Use on hot rice dishes)

1 1b. ogo

1 1/4 cup brown sugar ,
1/2 cup mirin

1 1/4 cup shoyu

1/4 tsp. MSG

Clean 1imu. Bring sugar, Shoyu, and mirin to a full boil. Place cleaned
Timy into pan and cover with sauce, and cook to a "mush" (Be careful that

it. doesn't burn; stir frequently). Goma (sesame seeds) and chili pepper
may be added to taste.

.
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The Sea-Beach at Ebb fide. Dover Pubiications, ;
Inc. ., New York. : Co

Marine Algaé'%ﬁ the.Vicinity of Tamﬁa Bay,
«  Florida, University of South Florida .

_ How-to Know the Seaweeds. Wm. C. Brown Co.
* Marine Botany: An Introduction. Holty Rinehart, Inc.

Structure and Reproduction of the Algae.
Cambridge University Press '

Roles of Hawaiian Crustose Coralline Algaé

{Rhodophyta) In Reef Biology. PhD Thesis,_
-University of Hawaii. :

. Hawaiian Marine Algae. Bjshoﬁ Museum Bu11. 67 i

The Economic Seaweeds of Hawaii and their .,
Food Value. Annual Report of the Hawaii
Agricultural Experiment Station for 1906.

Honolulu, Hawaii.
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Seaweeds of Hawaii. The Oriental Publishing Co., . ,
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FIELD TRIP VIIT = WAIKIKI AQUARIUM

N

Instructional Goals

When faced with decisions concerning the use of terrestrié1 and
extraterrestrial resources, students will select practices dévalope&
in recognition of present and future envirbnmeAta1 and human needs. |
Students will demonstrate an appreciation for the interdependence of -

1iving things in the closed earth .system.

Instructional Objectives

Explain why algae and coral are renewable resources 0S¢, 5§
and discuss the constraints on this renewability.

Discuss the economic value of coral in Hawaii.. Sc, SS, M, C
Identify industrial practices which minimize d trlmenta1 - $S, Sc, H,
impacts on the environment. . BPA, C

Performance §xpectations

Uses a variety of resources to gain information on

Integrates information gained from resources with in orﬁation gained
through direct experiences to develop understanding of environmental
matters .

Descrlbes the natural resources needed by varlous industries and re]ates
the locations of those industries.to available ‘resources.

- Describes. the impact of various industries on the envi ronment.

Essential Competencies

Reach reasoned solutions to commonly encountered problems.

Use resources for independent learning. .

identify the training, skill and background requjrements of at least one.

occupation in which the student is interested.

L t
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TOPICS DISCUSSED:

1. WHAT ARE "PRECIOUS-'CORALS"?
2. HARVESTING PRECIOUS CORALS
3. MANUFACTURE OF PRECIOUS CORAL JEWLERY

4. VOCATIONAL OPPORTUNITIES ~#N-THE PRECIOUS CORAL INDUSTRY -

FIELD TRIP SI¥E:

The Waikiki Aquarium is on Kalakaua Avenue in Kapiolani Park.

a

It is part of the University of Hawaii and is open-to the public every

day from 10 a.m. to 5 p.m. The Aguarium has an active school tour pro-

L - .
" gram with various topics for all grade levels, and there is no charge

for this service. To make arrangemenfs for the "Precious Coral Tour"

. call §23-4725. This tour consists of a slide talk on

the harvesting of precious corals and an examiration of a display on

types of corals used in jewelry and the jewelry making process.
} - ' - w

0 - . m T -
c- .. Vonsarrat Avenue/ .
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Kapiolani Regional Park
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NTRUDUC};U j L S :

r,,

' Prec10us cDrals form the b351s of an innovat1ve and profItable

hew ﬁndustry for Hawaii; however, reither the beds of precious coral

. . . IR ' . ¥
"nor the factgries where the jewelry is made lend themselves to school -

 trips. “For this reason, the Waikiki Aquarium, in cooperation with Maui

" Materials:

' Divers, has developed a display ab0ut these’ corals, 'i

Recently, a small, well- lllustrated book on preC10us cor?]s;ﬁas
become available, and this book, in combination with a tour oﬁ,the Aquac-
rium, a trip to a jewelry store, and other information provided ﬁere, ‘
should give you; class an idea of what this industry is all about,

A

TOPIC 1- WHAT %RE "PRECIOUS CORALS"® - . o

ACTIVITY 1 - Pre-Field Trip: In-Class

Objective: To understand what corals are. L,

!

1. Film str1p by Ur Art Reed on corals, available from your

i THow it Grows . and Reproduees~—-—

' Dl;tr1ct Office, “Living Cora1

Hawaii's Precious Corals by Dr. R;phard Grygga‘pva11able in

libraries or bookstores. . o

similar to reef-bu11d1ng corafs, )

- -
! . .

Have students answer the following ques tions, us1ng the above
material as reference. o '. . " : -

1. Nﬁy-are precious_corals used for jewelry\whjgé‘reef corals

v . P
[N . -
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ACTIVITY 11 - pre-Field Trip: In-Class -

of this, fascinating adventure. '

are not? .(Preqjous corals -are hard.and nan-pofous.)
2. Why can precious coralgfiive at.great depihs while reef )
" corals cannot? .(Precious -corals don't have zooxanthellae.)
3. Where is the I{ving,p&rt of the coral? What is different
. about where the pp]yps-l{ve in Qrecious corals and reef
. corals? (The polyps of reef corals sit in depressionssin
thé ca]cjum cafhonate skeleton, Tﬁese “cﬁps“ make _the reef
cdrals'horoﬁs. The ske]eiﬁnsfof the préciOUS corals used
+ 1in jewelry do not have these depressions, making the skel-

eton smpdth and hard. The living méterial‘forMS a thin

" skin over this skeleton.) . r

TOPIC 2'~ WARVESTING PRECIOUS CORABS . ~

-~
-

A

Objective: To appretfate thgﬁekcitement of wiewingprecious gora]T

3

Materials: Hawaii's Precious Corals, Ch. 1

-

. Procedure: Chapter one is an exciting first-hand account of the initial

dive in a two-man submarine to view the preciqus coral beds off Makapuu

L [l 3 N . "y .
Point, Oahu. : Y-

-

“As a project, have a group of- students prepare an ora) reading

t

1!

_ACTIVITY 111 ~ Pre-Field Trip; In-Class ’. .

‘céral.-

.Objective: - To learn about the hérvegting and conservation of precious
» s ) \.’& * - . !

-

)

-

+
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Ma?%*@als: Hawaii's Precious Corals,-Ch. 4 and 5 - '

P;bcedure: Students could read this information and an;wer the fol-

lowing questions, or this could be the basis of a student oral report.
1. How has precious coral been harvested in the past? - .
. 2. How is it ﬁarvested in Hawaii? E )

I =,

3. Do you think one way is better than another? Explain.

v . ACTIVITY IV - On-Site
- Objective: To learn about the various methods of harvesting the dif-
ferent precidus corals. ' ’ ‘
Progedure: This slide talk will be given at the Waikiki Aquarium.
, (see "Field Trip Site"). It will cover the biology and harvesting of
black'cbralbb} d{vers off Maui and the harvesting of pink éndig01d

L

! . .
coral by the Star II submersible in the Makapuu beds. ’

TOPIC 3 - MANUFAQTURE OF PRECIOUS CORAL JEWELRY
Maut Divers iézugfque to the jewelry industry. rRemarkab]y
self-sufficient, they Hh;;ést the Eoral, Hes?gn'and manufacture the
jewelry, develop andibude most of the machipes useﬁ in jewelry pro-
« duction, and market the finished proahtt. Qf the 316 people that
.//i cu;rently work for Maui ijer§, 216 are invo]yed in the manufacture of
the jewelry.
Thé designing of each ﬁiec; of jewelry is the first step in
its. production. Maui Divers employs 19 designihg go]dsmitﬁs to do
this important Job. Ng]l-traingd a;d creative,éoldsmiths are dif-
}icult to find, and Maui Divers recpuits werld-wide to {11 these.

-

i
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positions. The designing gB]dsmfths create new jewelry styles and
handfmage the onp-of~;;kind pieLes for the "Designer” collection.’
’ Once a “jewelry design is-selected for production it passes
through many steps which will be explained at the Waikiki Aquarium.
Durina these steps the gold is for@ed into mountings, and the coral
is shaped as requ1red, The mounting then requires extensive and

careful f1n1sh1ng and is finally set with the coral,

L

Maui Divers has had to develop much of its gwn machinery for the shaping
of the coral and the'mountings. Experimental machimists are responsible
for the design and building ‘of .this sophisticated maéhinery, and like

the designing goidﬁmiths, people with these créptive and highly developed

skills are difffcu]t to find. . ) -

How do people on the production Tine know which Styles to make
- - - &_— .
in order to efficiently meet the demand? Maui Divers has its own com-

puter and computer programmers. Orde%s.from each store are entered “into
the computer each day. The resviting print-out determines i ¢ nuber and

styles of jewelry to be made'the next day, ) ‘ ,

r

Mauizﬂivers’guanaﬁtées its jewelry for‘life and puts a Tot of

"o

energy into producing a quality product.rEmpIOyees are rated for their
productivity and the qua11ty of ' their work, an those who rate h1gh1y
“in these areas rpceive a higher hourly wage when the1r E}y’\tmles are

adjusted during periodic reviews. Ihe Jewelry usua]]y assoc1ated.w1th

-+

Maui Divers are the "Line" Ptems. These are fﬁ: product1on 1ine

-

pieces. The JDesigner; hq]ﬁection cons{sts of handmade,* one-of-a-kind

L +

ieces which are usually larger and heavier than the "Line" items.r

ey contain more gold, éubstartiql pieces of coral and aré often .
. =5

. -
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set with diamonds and other precious stones.

ACTIVITY V - On-Site
. Objective: To understand the ‘jewelry making process.
, { . «
Procedure: The Aquarium has a display on.thi$ process which will be

- explainred by a "docent” (volunteer tour guide). <

ACTIVITY VI - On-Site
Objective: To see the range of precious coralrjewelry available in the
stores and to become an informed potential consumer of this product.
y Materials: Paper and pencil | . ' -
Procedure: The l.'COr'al Grotto" jewelry stores carry Maui Divers Jewelry. ‘

One of these stores is in the:Hyatt Regency Hotel (Hemmeter Center), a .

15 minute walk from the Aquarium. The store manager has kindly consented
to have students come in, view the jewe;ny and ask questions. Because

. the store is small, she requests that 10 or less students be in the
store at one time. She also requests that teachers ;ishing to bring
their classsto th;-stOre call a day or two ahead of ting to inform the
store personnel. Phone 923-3454, ﬂ ‘

To find fhe "Coral Grotto", enter the Hyatt Regency through the

Diamond Head entrance. Walk througﬁ the breezeway téwards the waterfall
"in the center of thelhotel campiex: The shop is on the left, before
the waterfall.’ ‘ -

Have students do the following:

1. Once inside the store, d9tenmine which displays represent /j
the "Line" items and the "Designer” collection. You will . .
. RUC
o ° o Hy




a, See other piecei of jewelry and jeweled coconut trees
decorated with chips of pink’coral and olivine. These form *
- ¥ -

the "Pe]g" collection. Pieces of coral too small for use iqﬁ

-

the more expensive jewelly are used he(e, instead of being
’ ‘ .
wasted. Just by looking at them decide how the jewelry in

these three collections differ. How do their price ranges vary?
Z‘E’Flnd representatives of black, pink and gold coral Jewelry
Which type of coral shows the greatest color range?

3. Are all co]ors of p1nk coral used in the "Designer" collec-

tion? A1l colors of gold coral? =
4. Ask the sales clerk to show you the "Angelskin" Grading .
Board. This shows the color range of pink coral. How does ~ .

.' o i the color influence the price?.
" 5. Find pieces of "Line" item§ that have been "1n1aid". Ask
' the salesclerk for help iffnecessary. How do these com- -
. p%rehin price tb other pieces of similar size? {
\\
ACTIVITY VII - -Post-Field Trip, In-Class _ ) . -
> Objective: gIo design a pfecﬁ of,coré] Jjewelry. B
Procedure: Have students design and draw a piece of coral jewelry.
TOP’I’C 4 - VOCATIONAL OPPORTUNITIES IN THE PRECIOUS CORAL INDUSTRY. 4
‘ The vocational opporfunities in the preciols coral industry are )f

4 varied and expanding. Maui Divers hires people with a wide variety.of

skills, They are also an innovative, fast-growing, Hawaii-based. company.

- ! " .
) ' ’ D)
.
* - - .
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" and the handling of costly material. - Maui Divers requires that people

Most of the jobs with this company invoive the making of jewelry v'{

applying for jobs have previous successful work experience handling
items or products of value or excelent character references. Also
impqrtant for peoﬁ]e in the jewelry making process are good eyes‘ight
and finger dexterity. Most of the produ;tion Tine work involves care-

ful handling and manipulating of various parts: of the Jewelry as it~

- goes through the many processes required to tarn aut a quality product.

The least skilled employees an thejproduction line begin at
near minimum wage with raises at 3,6,12,18,24,30, and 36 months. The
employee's work is rated by the supgrvisor. More higﬁly sk%]]eq en-
ployees, such as jewelry designers, experimenth machinist§, cqmputgr‘
pm')gr'anyner's. accountants and managers, start higFrer in the pay structure. .
Maui Divers offers many benefits for'igs employees, such as a |
fuiTy*ﬁ&id medical and dental.plan, f;ee Tife insurance, free pension

plan, 40 hours of pa{d-sick leave a year, a subsidized cafeteria, and °

-paid vacations ranging from 2 to 4 weeks a year,” depending on lenoth of

h .
employment. A incentive program rewards employees for recruiting

peopie fox jdb openings, for exceptional jewelry designs and for unused
siék leave., The company also pays for the education of its empToyees
if it relates to their jobs. For example, the company pays for -

classes in management, accounting and shorthand, at a cost of $95 per

" student per class and for classes in Jewelry design at $295.00 per .

_ student. Most of the employees in managerial positions have moved

up within the company, rather than being brought in from the outside.

-

The free education plan helps teach them the skills necessa'r'y to suc- - .

~
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A
ceed in their new posltlons
- 1]

1If a person is initerested in becom1ng a jewelry des1gner he/she

‘¢an enter the company as a traninee, or after training at the Gemolog-

w

ical Institute in Santa Monica, CA or vuther similar‘schoo]s, or after
traioing with other jewelry making firms. Jéwelry designers are re-
cru1ted world- wlde ‘ N

Another Job requ1r1ng skill.and experience 1s that of Resegrch

--and Development Experlmental Machinist. These are the pecple that design

and build the machines to make the jewelry. Newer jewelry designs irvolve

'inlaid coral, and required the development of machines to do the precision

outting on both the gold mounting and the corgl.
As of Seozembgr,lIQ?é, Maui Divers employed 216-people
in manufacturing, 33 in administration, 59 in sales and marketing, and
8.in deep expforation. _This was a total of 316 people, of which 100 were
hired during 19?8 In 1977 the company grossed $7 million. )
In 19?8 it grossed $10 million. . By 1982, the company hopes to emp]oyaa
staff of 1500 and gross $100 nh1110n
Questions for students:
1. If You were so work for MaL; Divers, woat kind of job would you
préfer? wﬁhé kind of training wou]d‘you need for ﬂZ?s job?
How would you get it?
2. Maui D1vers has plans for extensive growth Nhat could limit
this. growth? _
3. 1s Maui Divers theé kind of inoustny you like to see in Hawaii?
Explain. “ _
4. Do you think it's 1moortant that a company offer extonsive

205
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fringe benefits to its.employees? Would you rather have a .
higher hourly wage than fringe benefits? Explain.

5. As an extra project, look into the pay scales and fringe benefits w
offered by several other companies of comparable size.

6. Do you think it is advantageous for a company to be largely,

self-sufficient {1ike Maui Divers)? Make a list of the

advantages and disadvantages.

REFERENCES :

Grigg, Richard, (1977}, Hawaii's Precious: Corals, Island Heritage Limited,
Honolulu, 64 pp. ' |

Grigg, Richard, "Hawaii's Precious Corals", National Geographic Magazine,

+ \ .
May, 1979, Vol. 155, No. 5 pp. 719-732. , . : .
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FINAL APPENDIX oo

. Tidal Information ‘ \

Information about tidet is essential for p]anqing some of your

field teips. [f you anticipate shoreline field tribs for the school

-

year, you will want to know the times that tides oclur well in advance.

For this long-range planmng the tide tables printed by the U.S.

Department of Commerce are useful. Ask for Tide Tabﬂes 19 , Central

andeestern Pacific Ocean and Indian Ocean. These tables show the

times and heights of the high and Tow tides for the* Hono]u]u reference

stqtlon¢ Predictions are given for éach high and low tide for every

day of the year. The date is listed and the day of the week abbreviated’ -~

£

- un@erneath. The four daily tides are tisted cohsecutive]y with the

!
I

time given.in houré and minutes (24 hour clock) and the height‘biven in
1 .

- ‘

feét and meters. To change the time between 1300 and 2400 to conventional

. . ‘ time, subtract 12 hours. Thus, 1949 less 1200 becomes 749, or ?:.49 p.m.

»

. Al t1mes adJusted this way w111 be p.m,

" '

The tides occur at different times around the island, but the data ° .

-

is given enly for.the Honolulu reference station; therefore, aejus ents

¢ ‘ must be made for the tides‘in-bther a?ees. Th1s time d1fference is
“-+ charted on the eccomﬁanying’map of‘Oahu.' A "plus" in front of the t1me
given means’ that the tide occurs later, so that the amount of time 91VEH

must be added te,thhQESOIulu time. If a‘“m1nu&“ is shown, the tide

.

occurs earlier, and that amount of time should be subtracted from he time
in the table. For example, a Tow tide in Honolulu at 12:00 noon uld‘

occur/lfhour and *21 minutes earller in Kaneohe Bay, or at 10:39 a.m. This

-‘."

same low tide wou]d occur 15 m1nutes later in Nalanae than ¥t did/in

v

Hono]ulu, or at 12: 15 p'q ,
.' LI *Check in the yel?ow pages of the Hawaiian Telephone D1rectory under "Charts”
for .purchase Information. The daily and weekend newspapers also ontatns
weekdy tideé information in the weather sectlon f

'
L T
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“Good" or “extreme" Tow tldes are those between +0.2 ft. and -0.3 ft.
THE best time of the year for these tides is Spring.
TIDE CALENDARS

You may be familiar with the "Dillingham Tide Calendar", availab]e
/;Lfgm the Dillingham Corporation. This~calendar expresses the tidal

change as a wavy Tine over a time-height grid. This is a Yood tool for
"eye-balling" ythe tide, but' copies are in short supply. Alse, the
adjustment times for other parts of the fsléﬁd are averages of the time
diffeéences of high and Tow tide. . For example, in Haleiwa high tide .
occurs 1 hour and 4 minutes earlier than in Honolulu, and Tow tide
accurs 2 hours and 8 minutes earlier. The tide calendar shows the
Adjustment to be 1 hour and 38 minutes earlier. By using this figure
you would have miscalculated the low Lide by a half an hour. However,
as long as you understand the timé adjustment problem, the "Dillingham
Tide Calendar” is 'grea(t if you can get it. | ’J

Tide calendars are also published in the monthly Marine Advisory
Program Newsletter "Makai" available from University of Hawaii.Sea

Grant College, 2540 Maile-Way, Spalding Halg, 252 8, Honolulu, Hawaii 96822. "

If you need any assistance in understanding the tides, call thg""’////
“*  Education Department of the Waikiki Aquarium. .
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"

The times of the tides given in the tide t;Bip or on a tide
calendar are for Honolulu, To calculate the aEcurate time of the tide

for other areas on Oahu, use the time changes given on this map.

-—

Laie ) v
high -1 hr. 47 min.
, 10w -1 hr. 49 min.

Haleiwa
high -1 hr. 04 min,
low -2 hr. 08 min,

&

Kaneohe Bay -
high -1 hr. 48 min,
Tow -1 hr. 21 min,

Waianae
high +18 min,
low +15 min.

Wa imanalo—"
high -1 hr. 17 min,
, low -1 hr. 12 min.

" Hanauma Bay
high -1 hr. 1 min.
low -4B min,

4
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SPONGE SPICULES

Al

Guide to Marine Invertebrates

PHYLUM PORIFERA
SPONGES

Sponges are the simplest of the animals
made from more than one cell. They don't
move and are always attached to something.
They may be upright {like a_simple bush)
or encrusting {flattened). They are often
brightly colored. They have many small
holes by which food and water enter the’
body, and several large ones by which the
water and wastes exit.

Sponges have skeleton elements called
spicules. These tiny glass rods can be
irritating to-human skin. You can examine
the spicules by putting a little Clorox

on a small piece of sponge. This ‘dissolves
the tissue so you can look at the spicules

with a microscope, P

PHYLUM COELENTERATA (=CNIDARIA) o,
SEA ANEMONES. CORAL ,”JELLYFISH, HYDROIDS

Coe]enterates ar& soft bodied. The indi- o
vidual animals are radially symmpetrical

{round, like a pie) with a ring of .

tentacles around a central mouth. The

tentacles have stinging cells (nematocysts)

for food gathering and protection. This

group has two basic-body forms: the

polyp and the medusa.

{
Sea anemones illustrate the polyp form of
this group. A polyp has an upright stalk
with the mmouth and tentacles directed up-
wards, Zoanthids are colonies of anemone-
like animals which share, tissue. They
form soft mats of liviﬂﬁ/animalsl

*‘-L.,




FLATWORM

HYPROT DS

Jellyfish illustrate the medusa form. There
1s no stalk, only a bell-like structure with
the mouth and the tentacles on the under-
surface of the bell., Jellyfish swim by
muscular contractions of the bell. Some

can give a painful sting. .

Corals are colonies of anemone-like animals
which secrete a hard, calcium carbonate
(CaC03), skeleton. Reef-building corals

have tiny, one-celled’algae living in

their tissue. These algae a%d in the
formation of the hard skeleton.

Hydroids are colonies of polyps which form
a plant-like stricture. The stems and

branches of the colony are hollow and food

and water are passed through them. Hydroids .

can Stinq and should not be handled.

. Ny
" . < /
L]

PHYLUM PLATYHELMINTHES
FLATWORMS

Flatworms are bilaterally symmetrical

(having a right and left side) and very

flat. They gTide along by secreting

a sheet of mucqus and beating small hairs
on their undersurface on this mucous sheet.
Some can'swim also. They are very thin so
that wastes can pass from the body interior
through the skin. ' ‘
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PHYLUM ANNELIDA ° . ., . ~
SEGMENTED WORMS )

Annelid worms are bilaterally éyﬁmet;ipal
and segmented. some structures, likKe
muscTes and kidneys, are-repeated in each
segment, Marine annélids are called

olychaetes (=many bristles) because they
have spines or bristles; Elong the sides.

These may be used for ﬁ! tection or for

holding on in a .tube, S annelids, like

" the bristle worm are free-Tiviny and

are found under rocks. . .,

Tube worms , featherduster worms, and
spaghetti worms are annelids which secrete

a _protective tube. They stay in this tube
and extend- tentacles or fans from the head ~ )
end to catch‘food. When frightened, they -
can draw this food catching apparatus in ™

rapidly. oo "
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PHYLUM ECHINODERMATA :
STARFISH, SEA URCHINS, :
SEA CUCUMBERS, BRITFLE STARS

_Ethinoderms are basicaily ‘built on a 5 ray

plan. This plan is evident in starfish and

brittles stars, and can¥be seen on sea ’

urchin tests (=shells).  Echinoderms aye

the only group that has tube feet for

locomotion and/or.attachment. This group 4

exhibits a high degreg of ability to |

regenerate lest body ‘parts. Starfish

usually have-5 arms or at least 5 sides,

but some, like the crown-of-thorhs, have .
many arms. There is @ row of tube feet

on the undersurface of every arm. The

digestive and reproductive systems extend

into the arms, Starfish eat by extruding

a thin, pouch-like stomach over thei:/gr;ey. .

2.1 -
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PHYLUM MOLLUSCA £
- SNAILS, SLUGS, CLAMS QYSTERS,-
- SQUID, OCTOPUS, ETS:

® . "‘Z;?
Mollusks have a soft body whichSis fisually
. . . proctected by a shell. The sngg] may beg
\ T . single or paired. T
SNAIL R
) . Ty W

]

. Mollusks have a mantle'which secrejes the
shell, and which, in the cowriés,”can cover
the sheTl The foot is a musruldr Structure
which is used for crawling or digging . -
(as in clams). Mollusks also have eyes '
and rhinophores (chemically sensidive °
tentacles on the head)., Cones are snajls
which catch their prey with a venemous

dart. Nudibranchs and sea hares are also * £,
) _, terméd sea slugs, because they are.sngil
. : . with oﬁT“_tlny Bhells or none,at a]] Theg

are often very colorful.
. .
. . <, . , . ,’\A\;
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Octopus, cuttlefish, chambered naut;Tﬁs,agd

squid are ail mollusks that-feed with : <
tentacles., The chambered nautiiug: issthe - " -

most primative and ancient membeH of this.
group and retains a large sKe1l, The:
octopus is the most highly e#ofvgd member?
having a highly. developed nervous system = .
and no shell. Both the octopus..and - g
0CTOPUS cuttlefish are able to changedcolpr and -
. texture rapldly . - X a7 .

X PHYLUM ARTHROPODA . °- o \

-

. . g BARNRCLES SHRIMP LDBSTERS CRABS;_

Arthropods haVe jointed legs and hard - .

. body coverlngs which they must molt. .
' periodically in order to grow. \Bur1ng
. ' molting the hard body. covering is shed,

exposing a new, soft one underneath, .
This hardens in a short time. Most L

21/; ojt h .'-‘:‘. _
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Brittle stars look like skinny, black star-
fish, but are really quite different. Their
. body and arms are distinctly separate, they
can drop their arms at will, their digestive
and reproductive systems do not extend into
the arms, the arms are lined with spines,
“and the tube feet do not have suction cups
on the ends as they do in starfish., Brittle
BRITTLE STAR stars are commonly found:under rocks.

L

Sea cucumbers have an elongate body with 7N
the mouth and anus at opposite ends. The” /- A
mouth is ringed with food gathering tentacles. P
Sometimes a small black and white crab may .
be found®in the mouth. Certain kinds of S
sea cucumbers spit out sticky white threads
when disturbed. Tube feet are found all
. over“the undersurface of most Hawaiian
NS % > sea cucumbers, helping themhép hang onto

: rocks. Sea cucumbers breath® by pump1ng
. .SEA CUCUMBER water in and out of the anus. Their'

respiratory mechan1sm is inside the body

near the anus. .
i . { .

Sea urchins are usually spiny: Mest are
harm]ess unless -you fall or step on them,
_but ‘the ¢nes with long, thin spines are
venemous. All sea urchins are edible,
s thé gonads being the part that is eaten. ,
° Sea urchins eat with 5 hard teeth found 3
_ in the center of the underside of the body.
" "~ ” These are part of a larger internal structure - s
SPA URCHIN - called an Aristotle's lantern. Sea urchins
. . . have rows of tube feet among their spines.

-
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Crinoids are the most ancient members of -/”/ﬁ\
this grotp. They are also called feather ~
stars. Unlike their retatives their mouth }
is on the top rather than underneath, ~ Food
particles are caught on the feathery arms
anq moved to the mouth,

FEATHER STAR -
- . _ly @
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marine arthropods are termed crustacea
(not barnacles though).

Shrimps have-a long abdomen and 5 pairs of
legs. They have 2 pair of antennae and 3
rostrum, or point between the-eyes.
Usually one, two and sometimes’three pairs
.0f legs have.pincers. The mouthparts are
several pairs of modified legs.- Large,
edible shrimp are ca]led grawns

- Spiny lobsters have 5 pairs of legs and no ’

pincers. DOne pair of antennae is enlarged -

LY

greatly, and has a spiny base; this structure .
is used in encountérs with otger animals.

.+ Slipper lobsters are flattened sters wlth«{ .
no pincers. These are closely related to .
spiny lobsters.. True or Maine lobsters

have pincers on the first pair of legs and - N
are not closely related to spiny.lobsters. %

-
i
o

Hermit crabs have a reduced and softened s
obdomen which they usually cover with &
mollusk -shell. Some speties of hermits
“-have sea anemones "that live on -the shell.
These probably help protect the hermit crab
from predators because they have stingirg
cells. . I

L : ) .\ .
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Crabs have a totally reduced abdomen. A1l
that is.left.of it is a flap under ‘the body
_ which covers the reproductive structures. .
Crabs exhibit many adaptdtions to different>
Tife styles. Swimming crabs have. the last
- pair of legs paddtle shaped Rock crabs are
‘flattened and have spines on the legs for
hanging onto rocks 1n the surf Zone. ﬂgg
crabs and Kona crabs are adapted for burrowing
in the sand... Some crabs have tong eyestaljs
for peering out of the mud on sand in which
they Tive. Many crabs are semi-terrestrial

meaning they are adapted to itve out of.
water for extended periods.

»
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Adult barnacles don't Took like other members
of this group, but when they, are in the
larval stages, they look' Tike small shrimp.
They settle out on a hard surface and form
their stony house around themselves. The

2 door at the top open during high tide

to allow the feathery feet to catch small
animals in the plankton.

PHYLUM CHORDATA, SUBPHYLUM URDCHORDATA :
TUNIC&I;S DR SEA SQUIRTS .
v’.-‘—-—"\ -
Sea squirts and colonial tunicates are in

.the phylum chordata (along with you and

Iy because they have Chordate characteristics

during the larval stages. Some of these

characteristics are gill slits and a ’
notocord.’ In the adult stage, however, they - .
look 1ike very simple animals. A sea .

squirt is a single individual with 2 .

openings into the body, one for the L
entrance of water and food and one for ° 4

. . exit of water and wastes. Sea squirts are

N sessile organisms, which means they are

permanently attached. . If you squeeze them,

- “  water will squirt out.

s L3

Colonial tunicgtes are colonies of tiny,
X o5l P sea’ squirt=Type- animals. Often they form
LIS o L0 themselves into petal-like arrangeménts.
Y 4 4% This is done sp they can share a common
waste exit, %ome of these colonies are as
*big and fats as a softball, others are very
thin. They are often colorful, .

COLONIAL TUNICATES ’
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